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primers and analyzing expression of the DNA sequences of interest in normal and tumor tissues 
The analyses were designed to determine whether a difference exists between gene expression in 
normal tissues as compared to tumor in the same tissue type. 

5. The DNA libraries used in the gene expression studies were made from pooled 
samples of normal and of tumor tissues. Data from pooled samples is more likely to be accurate 
than data obtained from a sample from a single individual. That is, the detection of variations in 
gene expression is likely to represent a more generally relevant condition when pooled samples 
from normal tissues are compared with pooled samples from tumors in the same tissue type. 

6. In differential gene expression studies, one looks for genes whose expression levels 
differ significantly under different conditions, for example, in normal versus diseased tissue 
Thus, I conducted a semi-quantitative analysis of the expression of the DNA sequences of 
interest in normal versus tumor tissues. Expression levels were graded according to a scale of + - 
, and +/- to indicate the amount of the specific signal detected. Using the widely accepted 
technique of PCR, it was determined whether the polynucleotides tested were more highly 
expressed, less expressed, or whether expression remained the same in tumor tissue as compared 
to its normal counterpart. Because this technique relies on the visual detection of ethidium 
bromide staining of PCR products on agarose gels, it is reasonable to assume that any detectable 
differences seen between two samples will represent at least a two fold difference in cDNA. 

7. The results of the gene expression studies indicate that the genes of interest can be 
used to differentiate tumor from normal. The precise levels of gene expression are irrelevant 
what matters is that there is a relative difference in expression between normal tissue and tumor 
tissue. The precise type of tumor is also irrelevant; again, the assay was designed to indicate 
whether a difference exists between normal tissue and tumor tissue of the same type. If a 
difference is detected, this indicates that the gene and its corresponding polypeptide and 
antibodies against the polypeptide are useful for diagnostic purposes, to screen samples to 
differentiate between normal and tumor. Additional studies can then be conducted if further 
information is desired. 
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* J ke . t( ? I . 4) Chr « mos ^al Translocation in a Case of Acute Lymphocytic 
JLeukemia Joins the Interleukin-3 Gene to the Immunoglobulin Heavy Chain Gene 

By J. Christopher Grimaldi and Timothy C. Meeker 



Chromosomal translocations have proven to be Important 
nrwarkers of the genetic abnormalities central to the patho- 
genesis of cancer. By cloning chromosomal breakpoints 
one can identify activated proto-oncogenes. We have stud- 
ied a case of B-tineage acute lymphocytic leukemia (ALL) 
tHat was associated with peripheral blood eosinophil. The 
chromosomal translocation t(6;14) (q31;q32) from this 
sample was cloned and studied at the molecular level. This 

KARYOTYPIC STUDIES of leukemia and lymphoma 
have identified frequent nonrandom chromosomal 
translocations. Some of these translocations juxtapose the 
immunoglobulin heavy chain (IgH) gene with important 
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Fig 1. DNA blots of the leukemia sample. The restriction 
fragment pattern of normal human DNA (N) and the leukemia 
sample (L) were compared using a humen Jh probe. Rearranged 
bands ore indicated by arrows. Sample L exhibits a single rear- 
ranged band with both Hind IH/CcoRI and Sau3A restriction 
digests. The rearranged bands are less intense than the other 
bands because the majority of cells in the sample represent normal 
bone marrow elements. 



translocation joined the immunoglobulin heavy chain Join- 
ing (Jh) region to the promotor region of the interleukin-3 
(IL-3) gene in opposite transcriptional orientations. The 
data suggest that activation of the IL-3 gene by the 
enhancer of the Immunoglobulin heavy chain gene may play 
a central role in the pathogenesis of this leukemia and the 
associated eoslnophilla. 
* 1989 by Grune & Stratton, Inc. 

protooncogenes, such as c-myc and 6c/-2. u In this way, the 
IgH gene can activate proto-oncogenes, resulting in disor- 
dered gene expression and a step in the development of 
cancer. The investigation of additional nonrandom transloca- 
tions into the IgH locus allows us to identify new genes 
promoting the generation of leukemia and lymphoma. 

A distinct subtype of acute lymphocytic leukemia (ALL) 
has been characterized by B-lineage phenotype, associated 
eosinophil in the peripheral blood, and a t(5;14)(q31;q32) 
chromosomal translocation.*' 4 This syndrome probably 
occurs in <1% of all patients with ALL. We hypothesized 
that the cloning of the translocation characteristic of this 
leukemia might allow the identification of an important gene 
on chromosome 5 that plays a role in the evolution of this 
disease. In this report we demonstrate that the interleukin-3 
gene (IL-3) and the IgH gene are joined by this transloca- 
tion. 

MATERIALS AND METHODS 

Sample and DNA blots, A bone marrow aspirate from a repre- 
sentative patient with ALL (Li morphology by French-American- 
British [FAB] criteria), peripheral eosinophilia (up to 20,000 per 
microliter with a normal value of <350 per microliter) and a 
t(5;U)(q31;q32) translocation was studied. Using published meth- 
ods, genomic DNA was isolated and DNA blots were made. 5 Briefly, 
10 jig of high molecular weight (mol wt) DNA were digested using 
an appropriate restriction enzyme and electipphoresed on a 0.8% 
"agftfosc^fcl. The gel was stained with ethidium bromide, photo- 
graphed, denatured, neutralized, and transferred to Hybond (Amer- 
sham, Arlington Heights, IL). After treatment of the filter with 
ultraviolet light, hybridization was performed. The filter was washed 
to a final stringency of 0.2% saturated sodium citrate (SSC) and 
0.1% sodium lauryly sulfate (SDS) and exposed to film. The human 
Jh probe has been previously reported. 6 

Genomic library. The genomic library was made using pub- 

From the Division of Hematology /Oncology, Department of 
Medicine. University of California, San Francisco. 
Submitted February 22. 1989; accepted March 8, 1989. 
Supported by NIH Grant No. CA01102. 

Address reprint requests to Timothy C. Meeker. MD, UCSF/ 
VAMC U1H. 4150 Clement St, San Francisco. CA 94121. 

Dr Grimaldis current address is Biostan Inc. 440 Chesapeake 
Dr, Seaport Centre, Redwood City, CA 94063. 

The publication costs of this article were defrayed in part by page 
charge payment. This article must therefore be hereby marked 
"advertisement" in accordance with 18 U.S.C. section 1734 solely to 
indicate this fact. 

© 1989 by Grune & Stratton, Inc. 

0006-4971/89/7308-003I$3.00/0 



Blood, Vol 73, No 8 (June), 1989: pp 2081-2085 



2081 



2082 

Kshed methods. 1 Approximately 100 „g of high mol wt genomic 
Figments from 9 to 23 kilobases (kb) in size were fcolatedoTa 

KlfuJlTJ? Fr T en f f0f SeqUenCi "8 ™e cloned into 
s2 u n m TS enCe ' 1 by the Chain """'""io" method using 
Sequenase (Umted States Biochemical. Cleveland).' All sequence 
data were derived from bothstrands. sequence 

RESULTS 

We studied a bone marrow sample from a patient with 
ALL and associated peripheral eosinophils. Karyotypic 
analysis showed the characteristic t(5;I4)(q3I;q32) translo- 
cation. These features define a distinctive subtype of ALL w 
The leukemic cells were analyzed for cell surface phenotype 
by immunofluorecence. They were positive for Bl (CD20) 
B4 (CD19), cALLA (CD10). HLA-DR, and terminal 
deoxynuc eotidyl transferase (Tdt), but negative for surface 
immunoglobulin. This phenotypic profile describes an imma- 
ture cell from the B-lymphocytic lineage * 

The leukemia DNA was analyzed by Southern blotting for 

m n8 r ent !° f "* IeH gene ' Usin 8 a human immuno- 
globulin Jh probe, a single rearranged band was detected by 
BcoKl, Hindill, Sst\, SaulA, and EcoYU plus Hindill 

m • 8eStS ' m tt e " to 8 rearrangement of one allele 

(fig 1). The immunoglobulin Jh region from the other allele 
was presumably either deleted or in the germline configura- 
tion. 

We hypothesized that the t(5;14)(q31;q32) juxtaposed a 
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growti-promoting gene on chromosome 5 with the immuno- 
globulin Jh regton on chromosome 14. Therefore, a genomte 
hbrary was made from the leukemic sample and JU£S 
with a Jh probe. Fifteen distinct positive clones were isSS 
and screened for the presence of the rearranged *«Sa 
fragment that was detected by DNA blotting. By tni 

X^' X a u n tv Ppearcd t0 re P resent th * rcarrangS 
allele identified by DNA blots. One of these clones (clone™ 
4) was ehosen for further study and a detailed restriction 

ZZ V"? The EC0Kl ^W^oRl. and S 
fragments from clone no. 4 that hybridized to the human Jh 

from ST, t° idCntiCa ' ^ SlZC l ° the rearran ^ 

from the leukemia sample., confirming that clone no 4 

represented the rearranged leukemic allele 

J35f .t'T^ 0, 4 ~ ntained 3 7 kb of unkn °wn origin 
joined to the IgH gene in the region of Jh4 (Fig 2) The m 
gene from Jh4 to the Cmu region appeared !o be I £mK 

Sfi? T uf^ ,y ' the 8ene encodi "8 hematopolS- 
growth factor IL-3 had been mapped to chromosome 3q3 1 so 

ire-Th C en1b that ^ 4 ^ ■« * «2 

gene. When the restriction map of human IL-3 and clone 

Si? 1 * e ° mPared ' thCy WWC identicaI for more ""an 3 kb 

I C H C o^!I fir K mCd th , c . iuxta I ,osition ^ IL-3 gene and the 
SpuZ ? r nUC,WC add of the subcloned 

BstEll/Hpal fragment (Fig 2). The sequence of this frag- 
ment showed no disruption of the protein coding region or the 
= er RN A of the IL-3 gene. The break in^L^et 
occurred ,n the promoter region. 452 base pairs (bp) 
upstream of the transcriptional start site (position 64. Fig 



Eco RI 

Clone#4 : bch- 



Hind III 

L_ 



i Wpal 

Sat/3A Ssfl Eco Rl 

Sau3A Bst Ell I I earn HI Sam HI I Xhol 



6 5 4' 



IL-3 : 



Eco RI 

IgH: Dci- 



SauZA 
PstU 




Hindill 
I 



Sai; 3A BsfElI 

<>— 



Bam Hi 



Eco Rr 
Sam HI 



Ah 



Sau 3A 



2 1 



fia/7? HI 
I 



0.5kb 



enhaneor (E>, and Jh aeom»n?. . ^ P osWon8 ° "> « head-to-head orientation Tha 1™ - i 8<l lln0, • after h 18 """leal 



o 



Tt6; -l*> CHROMOSOMAL TRANSLOCATION 



2083 



3iV> Tq& break in the IgH gene occurred 2 bp upstream of 
the* Jh4 region. Between the two breaks, 25 bp of uncertain 
origin (putative N sequence) were inserted. 13,14 No sequences 
horxiologous to the immunoglobulin heptamer and nonamer 
coi»Id ^ identified in the IL-3 sequence (Fig 3B). Therefore, 
nucleic acid sequencing confirmed the juxtaposition of the 
gene and the IgH gene. The sequence data clearly 
showed that the genes were positioned in opposite transcrip- 
tional orientations (head- to- head). 

Available data also allowed us to determine the normal 
positions of the IL-3 gene and the GM-CSF gene in relation 
to "the centromere of chromosome 5 (Fig 4). The IgH gene is 
known to be positioned with the variable regions toward the 
telomere on chromosome 14q. 2as It has also been shown that 



GM-CSF maps within 9 kb of IL-3 in the same transcrip- 
tional orientation. 16 Using this information and assuming a 
simple translocation event in our sample, we can conclude 
that the IL-3 gene is normally more centromeric, and the 
GM-CSF gene, more telomeric on chromosome 5q (Fig 4). 
Furthermore, both are transcribed with their 5' ends toward 
the centromere. 

DISCUSSION 

In this report we have cloned a unique chromosomal 
translocation that appears to be a consistent feature of a rare, 
yet distinct, clinical form of acute leukemia. This transloca- 
tion joined the promotor of the IL-3 gene to the IgH gene. 
Except for the altered promotor, the IL-3 gene appeared 




5 * GGGGTCCTCTCACCTCKTGCCATGCTTC^ 

3 CCCCAGGAGAGTCGACGACGGTACGAAGGGTAGAGAGTAG 320 



********* 

5 1 TTTCTTGTTTCACTGATCTTGAGTACTAGAAAGTCATGGATGAA . n n 

3 1 AAAGAAC AAAGTGACTAGAACTCATGATCTTTC AGTACCTACTT ATTAATGC AGAC ACC AAAAGATACCTCC AAGGTAC A 400 

5 1 CAGATAAAGATCCTTCCGACGCCTGCCCCACACCACCACC _ _ „ 

3 1 GTCTATTTCTAGGAAGGCTGCGGACGGGGTGTGGTGGTGGAGGGGGGCGGAACGGGCCCC AAC ACCCGTGGAACGACG AC 480 





5'AACGTCCTTGAAGACAAGCTGGGTTAAC 3' 
3 1 TTGC AGGAACTTCTGTTCGACCCAATTG 5 1 
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5 1 TGGCCCCAGTAGTCAAAGTAGTCACATTGTGGGAGGCCCCATTAAGGGGTGCACAAAAACCTGACTCTC 
3 1 ACCGGGGTCATCAGTTTCATCAGTGTAAC ACCCTCCGGGGTAATTCCCCACG TGTTTTTGG ACTGAGAG 

++++++++++++++++++++++ 

5 9 TGGCCCCAGTAGTCAAAGTAGTAGAGGTAATTCATCATAGCTGCGGATTAGCAGCGTGACCGGCTACCA 
3 1 ACCGGGGTCATCAGTTTCATC ATCTCCATTAAGTAGTATCGACGCCT AATCGTCGCACTGGCCGATGGT 

++++++++++++++++++++++ 

5 • GGCACCAAGAGATGTGCTTCTCAGAGCCTGAGGCTGAACGTGGATGTTTAGCAGCGTGACCGGCTACCA 
3 1 CCGTGGTTCTCTACACGAAGAGTCTCGGACTCCGACTTGCACCTACAAATCGTCGCACTGGCCGATGGT 



Fig 3. Sequence of t(6;14Hq31;q32) breakpoint region. (A) ..Nucleotide sequence of the B$t£\l/Hpal fragment Indicated on Fig 2. 
Nucleotides 1 to 36 represent the Jh4 coding region underlined on the coding strand/ Nucleotides 39 to 63 are a putative N region. The 
sequence from position 64 to 668 is that off the gormline IL-3 gene. 2 * The IL-3 TATA box (485), transcription start (516), and Initiation 
methionine (667) are underlined. Two proposed regulatory sequences in the promotor are marked by asterisks (positions 1 82 and 389). (B) 
Comparative sequence of the t(6;14)(q31;q32) breakpoint region. The lgJh4 region is shown with its coding region, heptamer, and 
nonamer underlined. Clone no. 4 Is shown with putative N region sequences underlined. The IL-3 sequence is also shown. A plus sign (+) 
denotes the identical nucleotide between sequences. No heptamer or nonamer is identified In the IL-3 sequence. 
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" 9 *- DIa » ram °* th0 translocation. The normal chromosome 
6q31 b shown with the GM-CSF gene telomeric to the IL-3 gene In 

?lZ a ™T°"? ° rientat, ° n 5h ° Wn - °" ™"™' *»>™mosome 
1^32 the Vh regions are telomeric. The t(6;14i<q31;q32) translo- 

toZZJZ?! « *?, ** adt °*°* a orientation of these genes. 
Symbols ere defined in Fig 2. BP. breakpoint position. 

intact as no deletions, insertions, or point mutations were 
detected by restriction mapping of the entire gene and 
sequencing of part of the gene. The IgH gene has been 
fruncated at the Jh4 region, which places the immunoglobu- 
lin enhancer within 2.5 kb of the IL-3 gene."-" This leads to 
the hypothesis that the enhancer is increasing transcription 
of a structurally normal IL-3 gene: The same mechanism is 
important for activation of the c-myc gene in some cases of 
Btirkitts lymphoma. 19 An alternate hypothesis is that the 

«!TIT ! T^t m 1L " 3 Pr0m0tor e,ement «• <™ ci al 
to the activation of the IL-3 gene. 

auScrinr > ^ Cd - aC - iVati0n ° f thC IL ' 3 8ene '"SSests Aat an 

15 imp0Ttant for ftc P ath °e e »^ of this 

leukemia. Over-expression of the IL-3 gene coupled with 
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the presence of the IL-3 receptor in these cells could account 
for a strong stimulus for proliferation. In this regard the™ 
are data indicating that immature B-lineage lymphocyS 
and B-uneage leukemias may express the IL-3 receptor *»■» 

An additional feature of this type of leukemia is the 
dramatic eosinophilia, consisting of mature forms. It has 
been hypothesized that the eosinophils do not arise from the 
malignant clone, but are stimulated by the tumor »•* 
Because of the known effect of IL-3 on eosinophil differentia- 
tion, secretion of high levels of IL-3 by leukemic cells mieht 
have a role in the eosinophilia in this type of leukemia 12 

The data suggest that the recombination mechanism that 
is active in the IgH gene during normal differentiation has a 
role m this translocation.' 5 -' 4 This is supported by the break 
point location at the 5' end of Jh4 and the presence of 
putative N-region sequences. On theother hand, no recombi- 
nation signal sequence (heptamer and nonamer) was found 
in this region on chromosome 5, suggesting that additional 
factors also played a role. Further studies will elucidate the 
mechanism of this and other translocations. 

In the leukemia we studied, it is possible that the immuno- 
globulin enhancer also activates the GM-CSF gene, since 
this gene is probably positioned only 14 kb away (Fig 4) This 
is known to be within the range of enhancer activation » The 
interleukin^ (IL-5) gene maps to chromosome 5q3I * 
Deregulation of the IL-5 gene by this translocation would act 
synerpstically with IL-3 in the stimulation of eosinophil 
proliferation and differentiation. 2 ' These and other questions 
will be answered by the study of more patient samples We 
plan to determine whether the t(5;14)(q31;q32) transloca- 
tion is capable of activating multiple lymphokines simulta- 
leutemia" d C00p * rate in thc generation of this 
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RAPID COMMUNICATION 

Activation of the Inter!eukin-3 Gene by Chromosome Translocation in Acute 

Lymphocytic Leukemia With Eosinophilia 

By Timothy C. Meeker, Dan Hardy, Cheryl Willman, Thomas Hogan r and John Abrams 



The t(B;14)(q31;q32) translocation from B^lmeage acute 
lymphocytic leukemia with eosinophilia has been cloned 
from two leukemia samples. In both cases, this transloca- 
tion Joined the IgH gene and the lnterleukin-3 (IL-3) gene. In 
one patient, excess IL-3 mRNA was produced by the 
leukemic cells. In the second patient, serum IL-3 levels 
were measured and shown to correlate with disease 

A NUMBER OF chromosome translocations have been 
associated with human leukemia and lymphoma. In 
many cases the study of these translocations has led to the 
discovery or characterization of proto-oncogenes, such as 
bcl-2 t oabl t and omyc, that are .located adjacent to the 
translocation,'- 2 It is now widely understood that cancer- 
associated translocations disrupt nearby proto-oncogenes. 

A distinct subtype of acute leukemia is characterized by 
the triad of B-lineage iramunophenotype, eosinophilia, and 
the t(5;l4)(q31;q32) translocation. 3 - 4 Leukemic ceils from 
such patients have been positive for. terminal deoxynucleotidyl 
transferase (Tdt), common acute lymphoblastic leukemia 
antigen (CALLA), and CD19, but negative for surface or 
cytoplasmic immunoglobulin. In previous work, we cloned 
the t(5;I4) breakpoint from one leukemic sample (Case I) 
and determined that the IgH and interleukin-3 (IL-3) genes 
were joined by this abnormality. 5 In this report, we extend 
those findings by showing that the t(5;14)(q31;q32) translo- 
cation from a second leukemia sample (Case 2) has a similar 
structure, and we report our study of growth factor expres- 
sion in these patients. 

MATERIALS AND METHODS 
Samples and Southern blots. Case 1 has been described. 5 * 
Clinical features of Case 2 have been described in detail. 1 DNA 
isolation and Southern blotting was done using previously described 
methods. 5 Filters were hybridized with an immunoglobulin Jh probe, 
a 280 bp BamHl/EcoRl genomic IL-3 fragment, and an IL-3 
cDNA probe. 7,1 

Northern blots. RNA isolation and Northern blotting have been 
described. Briefly, Northern blots were done by separating 9pg 
total RNA on 1% agarose-formaldehyde gels. Equal RNA loading in 
each lane was confirmed by ethidium bromide staining. Blots were 
hybridized with an IL-3 cDNA probe extending to the Xho I site in 
exon 5, a 720 bp Sst l/Kpn I probe derived from intron 2 of the IL-3 
gene, a 600 bp Nhe l/Hpa I IL-5 cDNA probe, and a 500 bp Pst 
l/Nco I granulocyte-macrophage colony stimulating factor (GM- 
CSF) cDNA probe.' 0 * 12 

Polymerase chain reaction. Primers were designed with BomHI 
sites for cloning. One primer hybridized to the Jh sequences from the 
IgH gene (Primer 1 44:5'-TAGG ATCCG ACGGTGACCAGGGT) 
and the other hybridized to the region of the TATA box in the IL-3 
gene (Primer 161: S'-AACAGGATCCCGCCTTATATGTGCAG) 
Polymerase chain reaction (PCR) (95°C for I minute, 6l*C for 30 
seconds, and 72°C for 3 minutes) was done using 500 ng genomic 
DNA and 50 pmol of each primer in 1 00 uL containing 67 mmol/L 
Tns-HCl pH 8.8, 6.7 mmol/L Mgd* 10% dimethyl sulfoxide 
(DMSO), 170 Mg/mL bovine serum albumin (BSA) (fraction V), 

Blood. Vol 76, No 2 {July 16), 1990: pp 285-289 



activity. There was no evidence of excess granulocyte/ 
macrophage colony stimulating factor (GM-CSF) or IL-6 
expression. Our data support the formulation that this 
subtype of leukemia may arise in part because of a 
chromosome translocation that activates the IU3 gene 
resulting in autocrine and paracrine growth effects. 
© 1990 by The American Society of Hematology. 

16.6 mmol/L ammonium sulfate, 1.5 mmol/L each dNTP and Taq 
polymerase (Pcrkin-Elmer, Norwalfc, CT). ,J 

Sequencing. Sequencing was done by chain termination in Ml 3 
vectors. 1 * As part of this study, we sequenced a subclone of a normal 
1M promoter, covering 598 base pairs from a Sma I site at position 
- 1240 (with respect to the proposed sittFof transcription initiation) 
to an Nhe I site at position -642. The plasmid containing this region 
was a gift from Naoko Arai of the DNAX Research Institute. 

ExpressioninCos7 cells. A genomic IL-3 fragment from Case 1 
was cloned into the pXM expression vector. 10 Briefly, the ffindUl/ 
Sal I fragment containing the IL-3 gene was subcloned from the 
previously .described phage clone 4 into pUC18. 5 The 2.6 kb 
fragment extending from the Sma I site 61 bp upstream of the IL-3 
transcription start to the Sma I site in the polylinker was cloned into 
the blunted Xho I site of pXM. The negative control construct was 
the pXM vector without insert. Plasmids were introduced into Cos7 
cells by electroporaUon, and supernatant was collected after 48 
hours in culture. 

TFl bioassay. TF-l cells were passaged in RPMI 1640 supple- 
mented with 10% heat-inactivated fetal bovine serum, 2 mmol 
L-glutanune,and 1 ng/mL human GM-CSF." Samples and antibod- 
ies were diluted in this same medium lacking GM-CSF but contain- 
ing penicillin and streptomycin. A 25 ph volume of serial dilutions of 
patient serum was added to wells in a flat bottom 96-well microtiter 
plate. Rat anti-cytokine monoclonal antibody in a volume of 25 pL 
was added to appropriate wells and preincubated for 1 hour at 37°C 
Fifty microliters of twice washed TF-l cells were added to each well 
givmg a final cell concentrationof 1 x . 10 4 cells per well (final 
.volume, 100 pL). The plate was incubated for 48 hours The 
remaining cell viability was determined metabolically by the colori- 
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Fig 1. 



<»,.„",« „ Broakpolirt sequences for Case 2. The germline IgJhS region sequence (protein c „*n 

" " «* *• «™~Hx»«"on eequence from Case 2 (PCR pXi? S2£St XLE T "» nal 
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metric method of Mosmann using a VMax microliter plate reader 
(Molecular Devices, Memo Park, CA) set at 570 and 650 nm." 

Cytokine immunoassays. These assays used rat monoclonal 
anb-cytokine antibodies (10 „g/mL) to coat the wells of a PVC 
"rotifer plate. The capture, antibodies used were BVD3-6G8, 
JBS1-39D10, and BVD2-23B6, for the IL-3, IL-5, and GM-CSF 
assays, respectively. Patient sera were then added (undiluted and 
diluted U 1 for IL-3, undiluted for and undiluted and diluted 
is for UM-CSF). The detecting immunoreagents used were either 
mouse antiserum to IL-3 or rutroiodophenyl (NIP)-derivatized rat 
monoclonal antics JES1-5A2 and BVD2-21C11, specific for 
IL-5 and GM-CSF, respectively. Bound antibody was subsequently 
moi?! 7 th immun °P cro «dase conjugates: horseradish peroxidase 
tMRP)-tebelcd goat anti-mouse Ig for IL-3, or HRP-iabded rat (J4 
MoAb) anti-NIP for IL-5 and GM-CSF, The chromogenic sub- 
strate was 30'amo-bis~ber^hiazoline sulfonate (ABTS; Sigma, St 
Louis, MO). Unknown values were interpolated from standard 
curves prepared from dilutions of the recombinant factors using 

<2!^^ ^ ^ VMAX mScw V late rcader 

RESULTS 

Leukemic DNA from Case 2 was studied by Southern 
blotting. When digested with the Hindlll restriction enzyme 
and hybridized with a human immunoglobulin heavy chain 
joining region (Jh) probe, a rearranged fragment at approxi- 
, mately 14 kb was detected (data not shown). When reprobed 
with either of two different IL-3 probes, a rearranged 14 kb 
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*fce locations of the two cloned breakpoints in relation to the 
-IL-3 gene. The two chromosome 5 breakpoints were sepa- 
rated by less than 500 bp. 

The genomic structure in Cases 1 and 2 suggested that a 
mormal IL-3 gene product was over-expressed as a result of 
the altered promoter structure. This would predict that the 
IL-3 gene on the translocated chromosome was capable of 
making IL-3 protein. This prediction was tested by express- 
Bag a genomic fragment from the translocated allele of Case 
1 containing all five IL-3 exons under the control of the S V40 
proraotor/enhancer in the Cos7 cell line. Cell supernatant* 
vrere studied in a proliferation assay using the factor depen- 
dent erythroleukemic cell line, TF-1. The supernatants 
derived from transfections using the vector plus insert 
supported TF-1 proliferation, while supernatants from trans- 
fections using the vector alone were negative in this assay 
<dato not shown). Furthermore, the Biologic activity could be 
blocked by an antibody to human IL-3 (BVD3-6G8) This 
result showed that the translocated allele retained the ability 
to make IL-3 mRNA and protein. 

The level of expression of IL-3 mRNA in leukemic cells 
from Case 1 was assessed. Northern blotting showed that the 
mature IL-3 mRNA (approximately 1 kb) and a 2.9 kb 
unsphced IL-3 mRNA were excessively produced by the 
leukemia (Fig 3). The 2.9 kb form of the mRNA is also 
present at low levels in normal peripheral blood T lympho- 
cytes after mitogen activation (Fig 3). Several B-lineage 
acute leukemia samples without the t(5;14) translocation 
had undetectable levels of IL-3 mRNA in these experiments. 
In addition, although genes for GM-CSF and IL-5 map close 
to the IL-3 gene and might have been deregulated by the 
translocation, no IL-S or GM-CSF mRNA could be detected 
in the leukemic sample (data not shown). 19,10 

Three serum samples from Case 2 were assayed by 
immunoassay for levels of IL-3, GM-CSF, and IL-5 (Table 
1). Serum IL-3 could be detected and correlated with the 
clinical course. When the patient's leukemic cell burden was 



highest, the IL-3 level was highest. No serum GM-CSF or 
IL-5 could be detected. 

Since the IL-3 immunoassay measured only immunoreac- 
trve factor, we confimed that biologically active IL-3 was 
present by using the TF-1 bioassay. This bioassay can be 
rendered monospecific using appropriate neutralizing mono- 
clonal antibodies specific for IL-3, IL-5, or GM-CSF We 
observed that sera from 1-16-84 and 3-14-84 contained TF-1 
stimulating activity that could be blocked with anti-IL-3 
MoAb (BVD3-6G8), but not with MoAbs to IL-5 (JES1- 
39D10) or GM-CSF (BVD2-23B6) (Kg 4; GM-CSF data 
not shown). The amount of neutralizable bioactivity in these 
two samples correlated very well with the difference in IL-3 
levels obtained by immunoassay for these samples. Further- 
more, the failure to block TF-1 proliferating activity with 
V th " ^M 01 anti^M<SF,was consistent with the 
inability to measure these factors by immunoassay '.and 

Table 1. Peripheral Blood Counta and Growth Factor Levels 
at Different Times In Case 2 

Sample Onto 



Peripheral blood counts (cells/pL) 
WBC 

Lymphoblasts 
Eosinophils 
Serum growth factor levels (pg/mL) 
IL-3 

GM-CSF 
IL-6 



11/15/83 1/18/84 3/14/84 



81,800 
0 

46.626 

<444 
<16 
<60 



116,600 
33,786 
73.080 

7,995 
<16 
<60 



12,300 
0 
616 

1.061 
<16 
<60 



Peripheral blood counts from Case 2 at three different time points with 
the corresponding growth factor levels quantified by immunoassay. The 
patient received chemotherapy between 1/16/84 and'3/ 1 4/84 to lower 
his leukemic burdan.' No serum samples ware available for a similar 
analysis of Case 1. 

Abbreviation: WBC, white blood calls. 
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detectably circulating in the scrum of this patient. 

DISCUSSION 

In this report, we have extended our analysis of acute 
K5.14) translocation. In both cases we have studied we have 

8 ? fr0ni cbromoso ™ 14- The breakpoints on 

SSS?* ^ u rC With ' n 500 b P of «"* otherTSgestiS 
ttat additional breakpoints will be clustered in a smaU reS 

£££ ? P r° t0r ' ThC PCR assa * wc have developed^ 
SsTb^tr Mmn8 ° f additi ° Da ' «J» 

The finding of a disrupted IL-3 promotor associated with 
an othenme normal IL-3 gene implied that this transit 

SSl ^ t0 ^ < *«™-«« <»f a norma. £££ 
ESS- *?° TK ^ haVe - doc ™ted that this is rrue 

could be measured and correlated with disease activity To 
our knowledge,this is the first measurement of human IL-3 
in serum and its association with a disease process. The 
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Clinical and Pathologic Significance of the 
c-eroB-2 (HER-2/neu) Oncogene 

Timothy P. Singleton and John G. Stickler 



Slt^ » 0n r g6ne WaS firSt shown to W dtal » 1 significance in 1987 by 
Slamon et al « who reported that oeroB-2 DNA amplification in breast carcino- 
^ir? c"f decreased survival in patients with metastasis to axillary 
rymph nodes. Subsequent studies, however, of c-er*B-2 activation in breast 
carcinoma reached conflicting conclusions about its clinical significance. This 
oncogene also has been reported to have clinical and pathologic implications in 
other neoplasms. Our review summarizes these various studies and examines 
the cl mical relevance of c-er6B-2 activation, which has not been emphasized in 
recent reyiows^.*« The molecular biology of the cer&B-2 oncogene has been 
extensively reviewed^ and will be discussed only briefly here 



BACKGROUND 



The oerbB-2 oncogene was discovered in the 1980s by three lines of invesUga- 

• nSLkT. ^ ' m ™ ge °! WttS detected « » ranted transforming gene in 
« neuroblastomas induced by ethylnitrosurea treatment of fetal rats.ora.HTO ^ c . 

I SK^ST S e 4 ne , dis ^ ered ^ «» homology to the retroviral gene v- 

.1 homology with v eriQ." When the DNA sequence, were deternuned ™Le- 

• quently, c^riB-2 HER-2, end neu were found to represent the same gene. 
-.} Rece "** * e o-erfcB-2 oncogene also has been referred to as NGl. 

• The c-eriB-2 DNA is located on human chromosome 17q21« •»« arid codes 
1 for cerfcB-2 mBNA (4,6 kb), which translates c-erfcB-2 protein (pl85) This 
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protein Is a normal component of cytoplasmic membranes. The c-er£B-2 
oncogene is homologous with, but not identical to, c-erfcB-1, which is located 
on chromosome 7 and codes for the epidermal growth factor receptor. ^Thc c- 
eriB-2 protein is a receptor on cell membranes and has intracellular tyrosine 
kinase activity and an extracellular binding domain. 2 * "» Electron microscopy 
with a polyclonal antibody detects o-erf>B-2 immunoreactivity on cytoplasmic 
membranes of neoplasms, especially on microvilli and the non-villous outer cell 
membrane 61 In normal cells, immunohistochemical reactivity for c-eriB-2 is 
frequently present at the basolateral membrane or the cytoplasmic membranes 
brush border. 

Hiere is experimental evidence that 6-crfcB-2 protein may be involved In 
the pathogenesis of breast neoplasia. Overproduction of otherwise normal c- 
erbB-2 protein can transform a cell line into a malignant phenotype.** Also, 
when the neu oncogene containing activating point mutation' is placed in 
transgenic mice with a strong promoter for increased expression, the mice 
develop multiple independent mammary adenocarcinomas. 1 ^ In other experi- 
ments, monoclonal antibodies against the neu protein inhibit the growth (in 
nude mice) of a neu-transformed ceU line,*"* and immunization of mice with 
neu protein protects them from subsequent tumor challenge with the neu- 
transformed cell line." Some authors have speculated that the use of antago- 
nists for the unknown ligand could be useful in future chemotherapy Further 
review of this experimental evidence is beyond the scope of this article. 

The c-erfcB-2 activation most likely occurs at an early stage of neoplastic 
development. This hypothesis is supported by the presence of c-erhB-2 activa- 
tion in both in situ and invasive breast carcinomas. In addition, studies of 
metastatic breast carcinomas usually demonstrate uniform c-^riB-2 activation 
at multiple sites in the same .patient, wt* although c-«r&B-2 activation has 
rarely been detected in metastatic lesions but not in the primary tumor. 8 ™ 0 ' 1 * 7 
Even more rarely, c-er&B-2 DNA amplification has been detected in a primary 
breast carcinoma but not in its lymph node metastasis. 6 In patients who have 
bilateral breast neoplasms, both lesions have similar patterns of c-erfcB-2 activa- 
tion, but only a few such cases have been studied. 11 



MECHANISMS OF oert>B-2 ACTIVATION 

The most common mechanism of c-eri>B~2 activation is genomic DNA amplifica- 
tion, which almost always results in overproduction of c-eribB-2 mRNA and 
protein, ».H^u The c-erfcB,2 amplification may stabilize the overproduction of 
mRNA or protein through unknown mechanisms. Human breast carcinomas 
with c-er&B-2 amplification contain 2 to 40 times more c-erftB-2 DNA* 3 and 4 to 
128 times more c-erbB-2 mRNA 34 * 80 than found in normal tissue. Most human 
breast carcinomas with c-erfcB-2 amplification have 2 to 15 times more c-eriB-2 
DNA. 1\imors with greater amplification tend to have greater overproduc- 
tion. 17 ^^ The non-mammary neoplasms that have been studied tend to have 
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similar levels of c-eriB-2 amplification or overproduction relative to the corre- 
sponding normal tissue. 

The second most common mechanism of oeroB-2 activation is overproduc- 
tion of c-ertB-2 mRNA and protein without amplification of c-$rfcB-2 DNA, 81 
The quantities of mBNA and protein usually are less than those in amplified 
cases and may approach the small quantities present in normal breast or other 
tissues. Wo.a The c-er&B^2 protein overproduction without mRNA overproduc- 
tion or DNA amplification has been described in a few human breast carcinoma 
celllines.«7 

Other rare mechanisms of c-eriB-2 activation have been reported. Translo- 
cations involving the c-erbK-2, gene have been described in a few mammary and 
gastric carcinomas, although some reported cases may represent restriction 
fragment length polymorphisms or incomplete restriction enzyme digestions 
that mimic translocations. ^,^84.90.108 a single point mutation in the transmem- 
brane portion of neu has been described in rat neuroblastomas induced by 
ethybitrosurea>55The mutated neu protein has increased tyrosine kinase activ- 
ity and aggregates at the cell membrane. ^« Although there has been specula- 
tion that some of the amplified c-erfcB-2 genes may contain point mutations « 
none has been detected in primary human neoplasms. ^a*. 81 

TECHNIQUES FOR DETECTING c*/*B-2 ACTIVATION 
Detection of c-erbB-2 DNA Amplification 

Amplification of oer&B-2 DNA is usually detected by DNA dot blot or South- 
ern blot hybridization. In the dot blot method, the extracted DNA is placed 
directly on a nylon membrane and hybridized with a c-erfcB-2 DNA probe. In 
the Southern blot method, the extracted DNA is treated with a restriction 
enzyme, and the fragments are separated by electrophoresis, transferred to a 
nylon membrane, and hybridized with a c-erbB-2 DNA probe. In both tech- 
niques c-erfcB-2 amplification is quantified by comparing the intensity (mea- 
sured by densitometry) of the hybridization bands from the sample with those 
from control tissue. 

Several technical problems may complicate the measurement of c-erfcB-2 
DNA amplification. First, the extracted tumor DNA may be excessively de- 
graded or diluted by DNA from stromal cells." Second, the c-eriB-2 DNA 
probe must be carefully chosen and labeled. For example, oligonucleotide c- 
erfeB-2 probes may not be sensitive enough for measuring a low level of c^eriB- 
2 amplification, because diploid copy numbers can be difficult to detect (unpub- 
lished data). Third, the total amounts of DNA in the sample and control tissue 
must be compensated for, often with a probe to an unamplified gene. Many 
studies have used control probes to genes on chromosome 17, the location of c- 
er6B-2, to correct for possible alterations in chromosome number Identical 
results, however, are obtained by using control probes to genes on other chro- 
mosomes, 5 •«.» rar e exception." Studies using control probes to the beta- 
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globin gene must be interpreted with caution, because one allele of this gene is 
deleted occasionally in breast carcinomas. 3 

. Amplification of c-er6B-2 DNA was assessed by using the polymerase 
chain reaction (PCR) in one recent study.* Oligoprimers for the c-eriB-2 gene 
and a control gene are added to the sample's DNA, and PCR is performed If 
the sample contains more copies of c-erfcB-2 DNA than of the control gene, the 
c-eriB-2 DNA is replicated preferentially. 

Detection of c-e/vbB-2 mRNA Overproduction 

Overproduction of c^rfeB-2 mRNA usually is measured by RNA dot blot or 
Northern blot hybridization. Both techniques require extraction of RNA but 
rSS"!*^ analogous to DNA dot blot and Southern blot hybridization. Use 
abst™cts«a« ° f < ^ BrbB ' 2 mBNA n^en described m two recent 

Overproduction of c-eroB-2 mRNA can be measured by in situ hybridiza- 
tion. Secbons are mounted on glass slides, treated with protease, hybridized 
with a radiolabeled probe, washed, treated with nuclease to remove unbound 
probe, and developed for autoradiography. Silver grains are seen only over 
2« ovei P roduce °-erbB-2 mRNA. Negative control probes are 
used W« Our experience indicates that these techniques are relatively insensi- 

!t t etei f n& c-er&B-2 mRNA overproduction in routinely processed tis- 
sue. Although the sensitivity may be increased by modifications that allow, 
simultaneous detection of c-erfeB-2 DNA and mRNA, in situ hybridization still 
is cumbersome and expensive (unpublished date). 

AD of the above c-erfcB-2 mRNA detection techniques have several prob- 

rZ\ tHem m ° re difficult to P erfor,n than techniques for detecting 

DNA amplification. One major problem is the rapid degradation of RNA in 
tissue that is not immediately frozen or fixed. In addition, during the detection 
procedure, RNA can be degraded by RNase; a ubiquitous enzyme, which must 
be eurnJnated meticulously from laboratory solutions. Third, control probes to 
Sected UOiformly ex P ressed ta T «»» of interest need to be carefully 

Detection of c-erbB-2 Protein Overproduction 

The most accurate methods for detecting c-erAB-2 protein overproduction are 
the Western blot method and unmunoprecipitauon. Both techniques can docu- 
ment the binding specificity of various antibodies against c-er*B-2 protein. In 
Western blot studies, protein is extracted from the tissue, separated by electro- 
phoresis (according to size), transferred toamembrane. and detected by using an- 
tibodies to c-er&B-2. In immunoprecipitation studies, antibodies against c-eroB- 
2 are added to a tumor lysate, and the resulting protein-antibody precipitate is 
separated by gel electrophoresis and stained for protein. Both Western blot and 
immunoprecipitation are useful research tools but currently are not practical for 
diagnostic pathology. Two recent abstracts have described an enzyme-linked 
immunosorbent assay (ELISA) for detection of c-eriB-2 protein »•* 
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Overproduction of c-erfcB-2 protein is most commonly assessed by various 
immunohistochemical techniques. These procedures often generate conflicting 
results, which are explained at least partially by three factors. First, various 
studies have used different polyclonal arid monoclonal antibodies. Because 
some polyclonal antibodies recognize weak bands in addition to the c-erfcB-2 
protein band on Western blot or immunoprecipitation, the results of these 
studies should be interpreted with caution.**.* 47 - 61 Even some monoclonal anti- 
bodies immunoprecipitate protein bands in addition to c-arfcB-2 (plK). 510 . 5 * 8 * 
Second, tissue fixation contributes to variability between studies. Fbr example, 
some antibodies detect c-erbB-2 protein only in frozen tissue and do not react 
in fixed tissue. In general, formalin fixation diminishes the sensitivity of 
immunohistochemical methods and decreases the number of reactive cells. 1 ". 86 
When Bouin's fixative is used, there mayjbe a hij^fir^percejitage of positive 
cases. 2 * Third, minimal criteria for interpreting immunohistochemical staining 
are generally lacking. Although there is general agreement that distinct crisp 
cytoplasmic membrane staining is diagnostic for c-eriB-2 activation in breast 
carcinoma, the number of positive cells and the staining intensity required to 
diagnose c-erbB-2 protein overproduction varies from study to study and from 
antibody to antibody. Degradation of c-erfeB-2 protein is not a problem because 
it can be detected in intact form more than 24 hours after tumor resection 
without fixation or freezing.** 



ACTIVATION OF c-erDB»2 IN BREAST LESIONS 



@0O6 



Incidence of c-erbB-2 Activation 

Most studies of c-erbB-2 oncogene activation do not specify histological sub- 
types of infiltrating breast carcinoma. Amplification of DNA was found 
in 19. 1 percent (519 of 2715) of invasive carcinomas in 25 studies (Iable 1), and j 
c-eroB-2 raRNA or protein overproduction was detected in 20.9 percent (568 of 
2714) of invasive carcinomas in 20 studies. Twelve studies have documented c- 
fer*Br2 mRNA orprotein overproduction in 15 percent (88 of 604) of carcinomas 
that lacked c-erfcB-2 DNA amplification. 

The incidence of c-er&B^2 activation in infiltrating breast carcinoma varies g 
with the histological subtype. Approximately 22 percent (142 of 650) of infiltrat- 
ing ductal carcinomas have c-eriB-2 activation, as expected from the above 
data. Other variants of breast carcinoma with frequent c-erfcB-2 activation are 
inflammatory carcinoma (62 percent, 54 of 87), Paget's disease (82 percent, 9 of 
11), and medullary carcinoma (22 percent, 5 of 23). In contrast, c-erfcB-2 activa- 
tion is infrequent in infiltrating lobular carcinoma (7 percent, 5 of 73) and 
tubular carcinoma (7 percent, 1 of 15). 

The c-erbB-2 protein overproduction is present in 44 percent (44 of 100) of 
ductal carcinomas in situ and especially comedocarcinoma in situ (68 percent, 
49 of 72). The micropapillary type of ductal carcinoma in situ also tends to have 
c-erfeB-2 activation, especially if larger cells are present. The greater fre- 
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quency of protein overproduction in coznedocarcinoma in situ, com- 
pared with infiltrating ductal carcinoma, could be explained by the fact that 
many infiltrating ductal carcinomas arise from other types of intraductal carci- 
noma, which show ceriB-2 activation infrequently. Others have speculated 
that carcinoma in situ with c-erfcB-2 activation tends to regress or to lose c- 
erbB-2 activation during progression to invasion.-™** Infiltrating and in situ 
components of ductal carcinoma, however, usually are similar with respect to c- 
erbB~2 activation,"^ although some authors have noted more heterogeneity of 
imn ] u ^histochernical staining pattern in invasive than in in situ carci- 
noma *.*88 Activation of c-erfcB-2 is infrequent in lobular carcinoma in situ. If 
lesions contain more than one histological pattern of carcinoma in situ, the o 
erM>-2 protein overproduction tends- to occur in the comedocarcinoma in situ 
t^ Y mcIude other areas of oarcinoma in situ.<w» Overproduction of c- 
er£>B-2 protein in ductal carcinoma in situ correlates with larger cell size and a 
periductal lymphoid infiltrate, 0 * 

; ' Activation of c-er&B-2 has not been identified in benign breast lesions 
including fibrocystic disease, fibroadenomas, and radial scars (Table 2). Strong 
membrane immunohistochemical reactivity for o-erfeB-2 has not been described 
in atypical ductal hyperplasia, although weak accen tuation of membrane staining 
has been noted infrequently.^ In normal breast tissue, c-erfeB-2 DNA is 
diploid, and c-eriB-2 is expressed at lower levels than in activated rumors."^.* 
These preliminary data suggest that c-er&B-2 activation may not be useful 
lor resolving many of the common problems in diagnostic surgical pathology. For 
example, oerbM activation is infrequent in tubular carcinoma and radial scars, 
in addition, because c-i?r&B-2 acrivationis unusual in atypical ductal hyperplasia, 
cnbniorra carcinoma in situ, and papillary cardnoma in sltu^ detection of c-erfeB- 
2 activation in these lesions may not be helpful in their differential diagnosis. The 
histological features of comedocarcinoma in situ, which commonly overproduces 
c-erdB-2, are unlikely to he mistaken for those of benign lesions. Activation of 



TABLE 2. c-otdB* ACTIVATION IN BENIGN HUMAN BREA ST LESIONS 
Histological Diagnosis 



c-eroB-2 DNA 
Amplification* 



c-erbB~2 mRNA 
Overproduction 



Fibrocystic disease 
Atypical ductal hyperplasia 

Benign ductal hyperplasia 
Sclerosing adenosis 
Fibroadenomas 

Radial scars 
Blunt duct adenosis 
"Breast mastoels" 



c-eroB-2 Protein 
Overproduction 



0/10* 



0/13,*0/6,w 
0/2," 0/1" 



0/6»0/3» 



0/32, 3 * 079,8a 0/8» 

2(weak)/2l« 

1(cyloplasmio)/13» 

0/12" 

0/4® 

0/21 ,<w 0/10 m 
0/8,»0/3« 
0/22» 
0/1438 



•Shown as number cl cases with acUvaUonmumber of cases studta* reference Is given as a superscript 
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however, does favor infiltrating ductal carcinoma over infiltrating 
lobular carcinoma, Further studies of these issues would be useful. 

Correlation of c-erbB-2 Activation With Pathologic Prognostic Factors 

Multiple studies have attempted to correlate c-erfcB-2 activation with various 
pathologic prognostic fectors (Table 3). Activation of c~er&Br2 was correlated 
with lymph node metastasis in 8 of 28 series, with higher histological grade in 6 
of 17 series, and with higher stage in 4 of 14 series. Large tumor size was not 
associated with c-erfcB-2 activation in most studies (11 of 14). Tetraploid DNA 
content and low proliferation, measured by Ki-67, have been suggested as 
prognostic ftctors and may correlate with c-er&B~2 activation. 6 7 

Correlation of c-erbB-2 Activation With Clinical Prognostic Factors 

Various studies have attempted also to correlate c-ertB-2 activation with clinical 
features that may predict a poor Outcome (Table 4). Activation of c-er&B-2 
correlated with absence of estrogen receptors in 10 of 28 series and with ab- 
sence of progesterone receptors in 6 of 18 series. In most studies, patient age 
did not correlate with c-er&B-2 activation, and. in the rest of the reports, e- 
er&B-2 activation was associated with either younger or older ages. 

Correlation of c-erbB-2 Activation With Patient Outcome 

Slamon et aP.« first showed that amplification of the cserfcB-2 oncogene inde- 
pendently predicts decreased survival of patients with breast carcinoma. The 
correlation of c-erbB-2 amplification with poor outcome was nearly as strong as 
the correlation of number of involved lymph nodes with poor outcome. Slamon 
et al also reported that c-erfcB-2 amplification is an important prognostic indica- 
tor only in patients with lymph node metastasis.™. 81 

A large number of subsequent studies also attempted to correlate c-eriB-2 
activation with prognosis (Table 5). In 12 series, there was a correlation be- 
tween c-erbB-2 activation and tumor recurrence or decreased survival. In five 
of these series, the predictive value of c-erfcB-2 activation was reported to be 
independent of other prognostic factors*-In contrast, 18 series did notconfirm 
the correlation of c-erfcB-2 activation with recurrence or survival. Pour possible 
explanations for this controversy are discussed below. 

One problem is that c-erbB-2 amplification .correlates with prognosis 
mainly in patients with lymph node metastasis. As summarized in Table 5, most 
studies of patients with axillary lymph node metastasis showed a correlation of 
c-6rfcB-2 activation with poor outcome. In contrast, most studies of patients 
without axillary metastasis have not demonstrated a correlation with patient 
outcome. Table 6 summarizes the studies in which all patients (with and with- 
out axillary metastasis) were considered as one group. There is a trend for 
studies with a higher percentage of metastatic cases to show an association 
between c-<?rfcB-2 activation and poor outcome, Thus, most of the current 
evidence suggests that c-erfeB-2 activation has prognostic value only in patients 
with metastasis to lymph nodes. 



l*/U*/20O3 17:14 KAi 310 208 5971 i NK0 6 

O O 




_ 12/00/2003 17:14 FAX 310 208 5 971 



o 



INFO 6 



o 



1012 



■■-■^■•■'Z>- V 



II 



4 



i 



a 
6" 

a 

it 
si 



En 



o 



i Si 



CD 

_ ID 

[? u 



a So, 



i 

S s 

If 



l! 



8 
I 

8 



«4 



si- 

t fig. 



i 



i 



5 



- 3 si 



r§ fas f |5 

II lltilllll 



5-1? 




ra H B To v 

03 Q UJ *f 



8 

d 

V 



-s 

d d 

A 



o 

o 

V 



tf> 14) 

O T- 

d d 

A 



s 

d 

V 



u> 



V> ID 

O T~ 

d d 

A 



i 

it 



o 



s 



51 



I 



175 



12/0^/2003 17:15 FAX 310 208 5971 

o 



INFO 6 




176 T.P. SINGLETON AND J.G. STRK/KLEP. 



^mSnSSSff ™ b ™ ACTIVAT,0N W,TH 0UTC0ME ,N PAT,ENTS 



Number of PatlaniB 



<0.05 

<6.os 

<0,05 
<0.05 
<0.05 

<aos 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

0.05-0.15 

0,05-0.15 

0.05-0.15 

>0.15 

>0.15 

>0.15 

>0.16 

>0.15 

>0.15 

>0.16 

>0.15 

>0.15 

>0.15 

>0.15 

>0.15 

>0.1S 

>0,15 

>0.15 



Wttft 
Metastasis to 

Axillary No Statistical 

Activation* Total Lymph Nodes Metastasis Analysis' Reference 



Typo of 

c*er&B~2 



DNA 

DMA 

DNA 

DNA 

mRNA 

Protein 

DNA 

DNA 

DNA 

DNA 

Proteln-WB 

Protein 

DNA 

Protein 

Protein 

DNA 

DNA . 

DNA 

mRNA 

Protein 

Protein 

Protein 

Protein 

DNA 

DNA 

DNA 

Proteln-WB 
Proteln-WB 
Protein 
Protein 



176 
61 
57 

41 
62 
102 



67 
189 

130 
122 
50 
57 
290 
195 
102 



345 
120 
91 
86 
350 
62 



120 



44 



137 



181 
159 

73 
378 
192 
141 

41 



M 
U 
U 

u 
u 

M 
M 
U 

u 

M 
M 
U 
U 
M 
U 
U 
M 
U 

u 

M 
U 
U 
U 
M 
U 
U 

u 
u 
u 
u 



87 
60 
65 
93 
65 

10V 
81 
17 
87 
79. 
85 

101 

111 
92 
86 

113 
4 
44 
50 
66 
11 
39 
17 
81 

fr 

87 
85 
17 
86 
40 



^ * l ** 68 ***** werB ™™ recurrence or decreased survival or both. Correlation between * 

c hA v multivariate stailsHcal analysis; U «= univariate statisUcal anaryela. 
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% ofturnora with 
iymph node 
metastasis In 
each study 



70 



80- 



60- 



40- 



71 (DNA) M 



61 (DNA)» 

69 (DNA) 67 
58(Proteln)« 1 



64(DNA)«1 



42(Protein)« 



P<0.05 



+ 



0.06<P<0.16 



64(mRNA)» 
61{DNA)1 



68 (0NA)« 

57{DNA)«» 

SSfProtaln) 59 

4S(Protein)" 
46(Prolein)M 



H 

p>o:i5 



£i£Tll aUon * a ^va«an with patient outcome, 



3^ 



to^tW P m \ thBt , Vari0US of breast «™*»«na are grouped 

SSS.T^T 5,*f t 9UCnt l0bular Carefaon » a ' *«*■» thafcombine 
mffltratmg ductal and lobular carcinomas may dilute the prognostic effect of e- 

noL Au^r d h8S 8 T° rSe pr0gnosis than *• ^ mammary card- 

noma, but it is an uncommon lesion. 

, d*i ,rd ?°* entIa3 Problem is the paucity of studies that attempt to correlate 

melt t BiCal ° Ute0me fa Subse * of breasl -XI wTmout 

me£S£ ^°, r !, Cent - abStra ^ rep0rt€d that in P atSents ^*out lymph node 
and^T , ^ Vari ° US faCt ° r8 for recurrence ( suoh * large tuL stee 
-1 ^^ eStr ° gen reoe P to «>. overexpresslon predicted earfy 

To Z nC ; J n . Pat,entS ^ ductal Carclnoma in *»• » "nail study found 
no association between tumor recurrence and c-erbB-2 activation « 

A fourth problem is the lack of data regarding whether the prognosis 

correlates better with DNA amplification or with mRNAor pStS 

overproduction. Most studies that find a correlation between c-eriB-2 active- 
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Hon and poor patient outcome measure c^riB-2 DNA amplification KM* n 

S S£2? meth ° dS SUCH 95 studies with ■£ 

^"3^ ** ^ have progaostic implications in human breast cancer . 
are reviewed elsewhere. This section will be rp«trfnt«l »„ - ™ ~T 
between *e clinical relevance ^e^Zt^^T^ 
tion ~ n ^ ge f e fe BCUVated to breas « carcinomas, but c-m<r C activa- 

ml SSaSrl' C ° rrekti r be,Ween ,nCreased ° f and c 

W ^ } CT rep0rtS have not '""finned this.^ioa Su b sequent ^search 
however, could demonstrate a subset of breast carcinomas in XchTmTht 
more prognostic importance than c-eriB-2. V 
The gene c-erbB-1 for the epidermal growth factor recentor ^^rpR^ ,-c 

5£5S?.«£2 k ESSES: 

verproauchon of EG*R, however, occurs more frequendy than amplification 

erou-z and EGFR in the same tumor, c-erfcB-2 has a stronger correlation with 

ampltoion of c^r6B-2 and e-erfeB-1 or overproduction of c-«roB-2 and Sr 
although at the molecular level EGFR mediates j£k!5£m of 
Pro '?? p ; " ^ ent /^ ^-rlbe EGFR hi breLTc^uTonlS- ' 
The genes c-er&A and ear-1 are homologous to the thyroid hormone recen- 
tor. «Kl they are located adjacent to^iB* on chromo£ me 53E2£ 
are frequently coamplifled with c-«r*B-2 in breast carcinomas. The absence S 
expression in breast carcinomas, however, is evidence agamstt E£ 

wSno^ ?" ^n fa . hPBMt ne °P ,asia M AmpliBcation of c^rfcB^SnTur 
?T X Mn P M »*». «d these tumors have a decreased survivals 

or ear i amphficat,on Seems to b « ™Portant than amplification ofcJrS 
Other genes also have been compared with cerbB-2 .activation in hr*** t 

and iTi 1 !? T5 r RNAs , of *»< Platelet^erived growth factor chato A 
Slc7 ABelic deletion of c-Ha-nw may indicate a poorer prognosis in 
bre^tcarcmoma^butit has notbeen compared with c-erfeS acuS So m " 
studies have suggested a correlation between advanced stage or recuSent of 
breast carcinoma and activation of any one of several oncogeL ™ 
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ACTIVATION OF c-eroB-2 IN NON-MAMMARY TISSUES 

Incidence of c-e/tB-2 Activation In Non-Mammary Tlesues 

Table 7 summarizes the normal tissues in which o-erfrB-2 expression has been 
detected, usually with hnmunohistochemical methods using polyclonal anti- 

Tissues With " " — ~ 

c-erbB-2 
mRNA 



Tlesues Producing 
c-e/bB-2 Protein 8 



Tissues Lacking 



Tissues Lacking 
c*rt>B-2 Protein 



Skin" 



Stomach* 

Jejunum" 

Colon" 

Kidney" 



Uver* 



Lung* 



Fetal brain 24 

Thyroid* 
Uterus" 



Placenta 24 



Epidermis 66 
External root sheath* 
Eccrine sweat gland* 
Fetal oral mucosa* 
Felal esophagus 62 
Stomaoh 22 * 3 
Fetal Intestine 82 * 
Small Intestine 22 . 62 
Colon 32 - 63 
Fetal kidney 82 * 

Fetal proximal tubule" 
Distal tubule 82 
Fetal collecting duct" 
Fetal renal pelvis 82 
Fetal ureter 62 

Hepatocytes 22 
Pancreatic acini 22 
Pancreatic ducts* 2 ** 
Endocrine cells of Islets 

ot Langernans 22 
Fetal trachea 62 . 
Fetal bronchioles* 2 
Bronchioles 88 



Fetal ganglion cells* 2 



Ovary 12 

Bloodvessels 42 



Kidneys"* 



Postnatal oral mucosa 82 
Postnatal esophagus 82 



Glornerulus 62 

Postnatal Bowman's capsule 82 
Postnatal proximal tubule 82 

Postnatal collecting duct* 2 
Postnatal renal pelvis 62 
Postnatal fetal ureter 82 
Uver*ya 



Pancreatfc islets 82 

Postnatal trachea* 2 
Postnatal bronchtoleB 62 

Postnatal alveoli 62 * 
Postnatal brain 62 
Postnatal ganglion cells 82 



Endothelium 82 

Adrenocortical cells 83 
Postnatal thymus 83 
Fibroblasts 62 
Smooth muscle cells 82 
Cardiac muscle cells 83 



•This protein study used Western blots; the rest used Immunohlatochsmteal methods. 
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" fe T T^n™ h T n perfonned ' 311(1 some rf *ese do not 
demonsbate convincing cell membrane reactivity in the published photo- 
graphs. The interpretations in these studies, however, are listed, with the 

wlSm Jfcfif nd T ?° dd be confinned ^ tanxunopfecipltatJon or 
Western or RNA blots. Production of cer&B-2 has been identified in normal 
epijehum of the gastrointestinal tract and skin. Discrepancies rega^nTc 

^nnSJ? °° T*?* activatt011 in V ^us non-mammary neoplasms 

E? ct C J UlttaDy by , f ,inm ^histochemical methods using polyclonal anti- 
bodies. Studies using cell lines have been excluded, because cell culture can 

Activation of c-erfcB-2 has been identified in 32 percent (64 of 203) of 
ovarian carcmomas in eight studies (Table 8). One abstract" stated that ovarian 
TTST contained significantly more c-eri,B-2 protein than ovarian non- 

c^nnl m ^™tl\ An ° fl * r rcp0rlW showed * at 12 P«eot of ovarian 
carcinomas had c-er&B-2 overproduction without amplification. 

aa Acti ^tion of c-erfeB-2 has been identified in 20 percent (40 of 198) of 

gastnc adenocarcinomas in seven studies, including 33 percent (21 of 64) of 

TABLE 8. *ert>B-2 ACTIVATION IN HUMAN GYNECOLOGIC TUMORS* 



Tumor Type 



c-orcB-2 DMA 
Amplification 



c-er6B* cwoB-2 
mRNA Protein 
Over* Over- 
production production 



23/67*1 



23/73* 
36/72«" 



Ovary— carcinoma, not otherwise 
specified 

Ovary— serous (papBIary) carcinoma 
iOvary— endometrioid carcinoma - - 
Ovary— mucinous carcinoma 
Ovary— clear cell carcinoma 
Ovary— mixed epithelial carcinoma 
Ovary— endometrioid borderline tumor 
Ovary— mucinous borderline tumor 
Ovary— serous cystadenoma 
Ovary— mucinous cystadenoma 
Ovary— sclerosing atromaJ tumor 
Ovary— flbrothecoma 
Uterus— endometrial adeno carcinoma 



31/120" 1/11 w 
O/S,^ 0/6 «073,i« 
Q/2 » Q/1 no 

2/7,110 1/7,»«0/B« 
0/arir • 

1/2,"© 0/1* 

0/2 l 1 «0/1» 

072* 

0/1 » 

0/3" 

0/4" 

0/2* 

0/1*2 

071" 

Q/4« 0/1 •» 



,;l 
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intestinal or tubular subtypes and 9 percent (4 of 47) of diffuse or siimet rin<r call 

rtudvleSi^ ZT ma5 ' 8lth0ygK ° n fldditi0nal ^munolJstocheS 
study detected protein in seven of eight tissues fixed in Bouins soS 

«on One study found greater immunohistochemical reactivity for 

using Bouin s fixabve. Lesions with anaplastic features and progression toiZ* 

Zf« /£ rt Hepatocellular carcinomas (12 of 14 cases) and cholangtomci- 
nomas (46 of 63 cases) reacted with antibodies against c-eriB-2 in oneTtadTbut 
some of these "positive" eases showed only difiSe eytoplafml sS^ whS 




Stomach— carcinoma, intestinal or lobular type 
Stomaoh-carclnorna. diffusa or signet ring cell type 
Coforectum— carcinoma 

Colon— villous adenoma 
Colon— tubulovlllous adenoma 
Colon— tubular Adenoma 
Colon— hyperplastic polyp 
Intestine— leiomyosarcoma 
Hepatocellular carcinoma — ■■ — 
Hepatoblastoma 
Cholanglocardnoma 
Pancreas— adenocarcinoma 
Pancreas— acinar carcinoma 
Pancreas— clear cell carcinoma ~ 
Pancreas— targe cell carcinoma 
Pancreas— signet ring carcinoma 
Pancreas— chronic Inflammation 



0/1 «» 

2/24 « 2/9 wg/S, 1 " 
2/8W0711M 

5/10<» 
0721W 

2/49," 1/45,"' 
1/45,57 i/45,eo 

0/40," 0/32,™ 073 K 
0/1» 

O/Sbo 

0/7" 

0/1 80 



4/27»3/10« 



16/S4» 
4/45® 

1/22»7/8=f 



"0712™ 
071* 



19/19** 
0/1« 

12/147* 072«* 

46/63* 
2/B0/ lB 072«i 
Q/1" 
0/2«' 
073<> 
0/1" 
Qri44ip 



Tissues fixed In Boutn'e solution. 

'Only cases with distinct membrane staining are interpreted aa showing c-erf>B* overproduction. 
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TABLE 10. ACTIVATION IN HUMAN PULMONARY TUMORS* 



Tumor Type 



Non-small cell carcinoma 
Epidermoid carcinoma 
Adenocarcinoma 
Large eel) carcinoma 
SmalJ cell carcinoma 
Carcinoid tumor 



c-e/oB-2 ON A 
Amplification 



o-effrB-2 
Protein 
Overproduction 



2/60,«u760»i 

0/13 o 0/10/* 0/6® 

0/21« 1/13 » 0/7,?" 0/7 " 0/3"* 

Q/9, K 0/6 20 



0/1 « 



1/84 5 > 

3/6" 

4/12» 

0/26 « Q/3» 
0/3» 



^!^«^!^ 0f A f^^ wnpORoafloti (or overproductionVtota] number of cases studied' nto^ 
S^n^euperacrtpt AH protein studies used Imrmmohls^mlcal melhod* No ^dtTS 

does not indicate c-ariB-2 activation in breast neoplasms « Also, some pancre- 
atic carcinomas and chronic pancreatitis tissue had cytoplasmic immurioSstc-. 
chemical reactivity for oerMW protein, in addition to the rare case ofpa^t 
atic adenocarcinoma with distinct cell membrane staining « 

Tables 10 throng 14 summarize the studies of c-sr&B-2 activation in other 

™ e °, ncogene * not ^ most of these tumors; 

Activation of o-erbB-2 has been detected in 1 percent (4 of 299) of pulmonary 
non-small ceU 1 carcinomas in nine studies, although one additional report 
™ L P f fa over P r ^ction in 41 percent (7 of 17). Renal cell carci- 

noma bad *erAB-2 activation in 7 percent (2 of 30) in four studies. Overproduce 

nrillll ^ Prett ? 1 d tf Cribed in one ^Wonal cell-carcinoma of the 
urinary bladder, a grade 2 papillary lesion « Squamous cell carcinoma and basal 
cell carcinoma of the skin may contain c-eriB-2 protein, but it is not clear 

TABLE 11. cerbB-2 ACTIVATION IN HUMAN HEMATOLOGIC PROLIFERATIONS* 



Tumor Type 



Hematologic malignancies 

Malignant lymphoma 

Acute leukemia 

Acute" lymphoblastic leukemia 

Acute myeloblasts leukemia 

Chronic leukemia 

Chronic lymphocytlo leukemia 

Chronic myelogenous leukemle 

Myeloproliferative disorder 



c*eroB-2 DMA ' " 
Amplification 


c-ertB-2 
rpRNA 
Oveiw 

production 


c*erfc&»2 
Protein 
Over- 
production 








079 P 0/3 "» 


071t 


0/15* 


0/14* 






071 w 












0/1057 






0/6WT. 






0/8"" 













I : 



•Shown as numbs; of em vwHh amplification (or overproductlor.ytc.tal number of eases studied' reference la 
given as superscript. All protein studies used Immunohtstochernlcal methods. 
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TABLE 12, c-€ft»B-2 ACTIVATION IN HUMAN TUMORS OF SOFTTISSUE AND BONE 1 



Tumor Type 



c-erbB-2DNA 
AmpllffcaUon 



Sarcoma 0/1 0," 1 0/a w 
Malignant fibrous histiocytoma 0/1 I w 

Liposarcoma 0/3 1ojr 

Pleomorphic sarcoma 0/1 w 

Rhabdomyosarcoma q/ii» 

Osteogenic sarcoma 0/2, 157 0/2^ 

Chondrosarcoma q/1 107 

Ewing's sarcoma q/1*> 

Schwannoma 0/1*7 



whether the protein level is increased over that of normal sldn ;.» Thyroid 
carcinomas and adenomas can have low levels of increased c-eriB-2 mRNA 
One abstract, described low-level c-«r&B-2 DNA amplification in one of ten 
salivary gland pleomorphic adenomas.^ 

Correlation of c-oroB-2 Activation With Patient Outcome 

Very few studies have attempted to correlate c-erfcB-2 activation in non- 
mammary tumors with outcome.- Slamon et al»> showed that c-erbB-2 amplica- 
tion or overexpression in ovarian carcinomas correlates with decreased survival 
espeaaUy when marked activation is present However, they did not report the 
stage, histological grade, or histological subtype of these neoplasms. Another 
study of stages III and IV ovarian carcinomas found a con-elation between 
decreased I survival and c-erfcB-2 protein overproduction, but not between sur- 
vival and histological grade." One abstract stated that c-erfcB-2 protein overpro- 
duction in 10 of 16 pulmonary adenocarcinomas correlated with decreased 
disease-free interval.™ Another abstract.described. a tendency for hnmunohisto- 




Tumor Type 



c*r*B»2 DNA 
Amplification 



Kidney— renal cell carcinoma 
Wilms* tumor 

Prostate^adenocardnoma 
Urinary bladders-carcinoma 



o-e/6D-2 
mRNA 
Over- 
production 



c~ert>B-2 
ProteJn . 
Over* 
production 



VS.* 1/4, 0/5* 



0/16"* 



0/23" 
1/4B» 



»3hown as number of cases with amplified (or overproductloflj/iotal number of cases studied- reference is 
given as superscript. All protein studies used IrrmimohlstochsmrCBl methods. ' * * 
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Skin— malignant melanoma 
Skin, head and neck— squamous 
cell carcinoma 

Site not stated— squamous cell 
carcinoma 

Salivary gland— adenocarcinoma 
Parotid gland— adenoid cystic 
carcinoma 

• Thyroid— anaplastic carcinoma 
Thyroid— papillary carcinoma 
Thyroid— adenocarcinoma 
Thyroid— adenoma 
Neuroblastoma 
Meningioma 



077<« 
0/B,w 072* 
1/1 n 



0/1' 
O/S* 
0/1" 
0721 

O/35 f *07B«7 0/1w 
0/2* 



c-er*B-2 
Protein 
Over- 
production 

O/10* . 



0/1* 



0/11 " " 
3(l0W leve!s)/5i 

1(lowleveIs)/2i 



SUMMARY 

Activation of the c-eriB-2 oncogene can occur by amplification of c-eroB-2 

whtn y ^r , ^ breaSt tarcind,n8S s ^ evidence *JS£Z££Z 
which correlates with a poor prognosis primarily in patients with metesSto 

SSSSW 1 ^ haVe attem P^ delate * S35S£ 

hon with other prognostic factors in breast carcinoma have renorted l„Sw 

^ significance o^eSlSS 

other neoplasms ,s unclear and should be assessed by additional studST 
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DECLARATION OF J. CHRISTOPHER GRIMALDI. UNDER 37 C.F.R. § 1 H2 



Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

Dear Sir: 

I, J. Christopher Grimaldi, declare and say as follows: 

1 . I am a Senior Research Associate in the Molecular Biology Department of 
Genentech, Inc., South San Francisco, CA 94080. 

2. I joined Genentech in January of 1999. From 1999 to 2003, 1 directed the Cloning 
Laboratory in the Molecular Biology Department During this time I directed or performed 
numerous molecular biology techniques including qualitative Polymerase Chain Reaction (PCR) 
analyses. I am currently involved in, among other projects, the isolation of genes coding for 
membrane associated proteins which can be used as targets for antibody therapeutics against 
cancer. In connection with the above-identified patent application, I personally performed or 
directed the semi-quantitative PCR analyses in the assay entitled "Tumor Versus Normal 
Differential Tissue Expression Distribution" which is described in EXAMPLE 18 in the 
specification that were used to identify differences in gene expression between tumor tissue and 
their normal counterparts. 

3. My scientific Curriculum Vitae, including my list of publications, is attached to 
and forms part of this Declaration (Exhibit A). 

4. In differential gene expression studies, one looks for genes whose expression levels 
differ significantly under different conditions, for example, in normal versus diseased tissue. 
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Chromosomal aberrations, such as gene amplification, and chromosomal translocations are 
important markers of specific types of cancer and lead to the aberrant expression of specific 
genes and their encoded polypeptides, including over-expression and under-expression. For 
example, gene amplification is a process in which specific regions of a chromosome are 
duplicated, thus creating multiple copies of certain genes that normally exist as a single copy. 
Gene under-expression can occur when a gene is not transcribed into mRNA. In addition, 
chromosomal translocations occur when two different chromosomes break and are rejoined to 
each other chromosome resulting in a chimeric chromosome which displays a different expression 
pattern relative to the parent chromosomes. Amplification of certain genes such as Her2/Neu 
[Singleton et al, Pathol. Arum. . 27Ptl: 165-190], or chromosomal translocations such as t(5;14), 
[Grimaldi etaL Blood 73(8):2081-2085(1989); Meeker et al y Blood, 76(2):285-289(1990)] give 
cancer cells a growth or survival advantage relative to normal cells, and might also provide a 
mechanism of tumor cell resistance to chemotherapy or radiotherapy. When the chromosomal 
aberration results in the aberrant expression of a mRNA and the corresponding gene product (the 
polypeptide), as it does in the aforementioned cases, the gene product is a promising target for 
cancer therapy, for example, by the therapeutic antibody approach. 

5. Comparison of gene expression levels in normal versus diseased tissue has 
important implications both diagnostically and therapeutically. For example, those who work in 
this field are well aware that in the vast majority of cases, when a gene is over-expressed, as 
evidenced by an increased production of mRNA, the gene product or polypeptide will also be 
over-expressed. It is unlikely that one identifies increased mRNA expression without associated 
increased protein expression. This same principle applies to gene under-expression. When a 
gene is under-expressed, the gene product is also likely to be under-expressed. Stated in another 
way, two cell samples which have differing mRNA concentrations for a specific gene are 
expected to have correspondingly different concentration of protein for that gene. Techniques 
used to detect mRNA, such as Northern Blotting, Differential Display, in situ hybridization, 
quantitative PCR, Taqman, and more recently Microarray technology all rely on the dogma that a 
change in mRNA will represent a similar change in protein. If this dogma did not hold true then 
these techniques would have little value and not be so widely used. The use of mRNA 
quantitation techniques have identified a seemingly endless number of genes which are 
differentially expressed in various tissues and these genes have subsequently been shown to have 
correspondingly similar changes in their protein levels. Thus, the detection of increased mRNA 
expression is expected to result in increased polypeptide expression, and the detection of 
decreased mRNA expression is expected to result in decreased polypeptide expression. The 
detection of increased or decreased polypeptide expression can be used for cancer diagnosis and 
treatment. 

6. However, even in the rare case where the protein expression does not correlate 
with the mRNA expression, this still provides significant information useful for cancer diagnosis 
and treatment. For example, if over- or under-expression of a gene product does not correlate 
with over- or under-expression of mRNA in certain tumor types but does so in others, then 
identification of both gene expression and protein expression enables more accurate tumor 
classification and hence better determination of suitable therapy. In addition, absence of over- or 
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under-expression of the gene product in the presence of a particular over- or under-expression of 
mRNA is crucial information for the practicing clinician. For example, if a gene is over-expressed 
but the corresponding gene product is not significantly over-expressed, the clinician accordingly 
will decide jiot to treat a patient with agents that target that gene product. 

7. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. 

B y ; t / /^^^ Date: _ 

1. Chnstopher Grimaldi 
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071904 ' 



Exhibit 3 



DECLARATION OF PAUL POLAKIS, Phi). 
I, Paul Polakis, Ph,D., declare and say as follows: , 

1. Iwas awarded a Ph.D. by the Department of Biochemistry of the Michigan 
State Umversily m 1984. My scientific Curriculum Vitae is attached to and fonns 
part of this Declaration (Exhibit A). 

2. lamcurrently employed by Genentech, Inc. where my job title is Staff 
Scientist Since joining Genentech in 1999, one of my primary responsibilities has 
been leading Genentech's Tumor Antigen Project, which is a large research project 
with a primary focus on identifying tumor cell markers that find use as targets for 
both the diagnosis and treatment of cancer in humans. . 

.3 As part of the Tumor Antigen Project, my laboratory has been analyzing 
differential expression of various genes in tumor cells relative to normal cells 
The purpose of this research is to identify proteins that are abundantly expressed 
on certain tumor cells and that are either (i) not expressed, or (ii) expressed at 
lower levels, on corresponding normal cells. We call such differentially expressed 
protems Humor antigen proteins^ men such a tumor antigen protein is 
identified, one can produce an antibody that recognizes and bindsto that protein 
Such an antibody finds use in the diagnosis of human cancer andmay ulthnatelv 
serve as an effective therapeutic m me. treatments human cancer. . 

4. . Inthecourseof the research conducted by Genentech's TumorAntisen 
Project, we have employed a variety of scientific techniques for detecting and 
studying differential gene expression in human tumor cells relative to normal cells 
atgenomic DNA, mRNA and protein levels. An important exaniplStch 
techmque is the well known and widely used teclmique of microarray analysis 
^tt^ r ° V ^ n £ be extrem ^y «seful for the identification of mRNA molecules 
tiiat are differentially expressed in one tissue or cell type relative to another In the 
course of our research using microarray analysis, We have identified " 
approximately 200 gene transcripts that are present in human tumor cells at 
significantly -higher Revels than in corresponding normal human cells. To date we 
have generated antibodies that bind to about 30 of the tumor antigen proteins 
expressed from these differentially expressed gene transcripts and havered these 
antibodies to quantitatively determine the level of production of these tumor 
antigen proteins in both human cancer cells and corresponding normal cells We 

cX l6VelS ° f mRNA md Pr ° tein in b0th ^ mor and 

5^ From the mRNA and protein, expression analyses described in paragraph 4 

md M *"* iS a ^ C01Telation between ohangef in the 
level of mRNA present m any particular cell type and the le vel of protein 



expressed from that mRNA in that eell type. In approximately 80% of our 
observations we have found that increases in the level of a particular mRNA 
correlates with changes in the level of protein expressed from that mRNA when 
human tumor cells are compared with their corresponding normal cells. 

.6. Based upon my own experience accumulated in more than 20 years of 
research, including the data discussed in paragraphs 4 and 5 above and my . 
knowledge of the relevant scientific literature, it is my considered scientific 

. opinion that for human genes, an increased level of mRNA in a tumor cell relative 
to a normal cell typically, correlates to a similar increase in abundance of the 
encoded protein in the tumor cell relative to the normal cell. In fact, it remains a 
central dogma in molecular biology mat increased mRNA levels are predictive of. 
corresponding increased levels of the encoded protein. While there have been 
published reports of genes for which such a correlation does not exist, it is my 
opinion that such reports are exceptions to the commonly understood general rule 
that increased mRNA levels are predictive of corresponding increased levels of the 
encoded protein. 

7- I hereby declare thatall statements made herein of my own knowledge are 
true and that all statements made on information or belief are believed to be true, 
and further that these statements were made with the knowledge that.willful false 
statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code and that such willful 
statements may jeopardize the validity of the application or any patent issued 
thereon. 
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Paul Polakis, Ph.D. 
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Senior Scientist, Chiron Corporation, 
Emeryville, CA. 
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homologous chromosome (homologue) 

One of two copies of a particular chromosome in a dip- 
loid cell, each copy being derived from a different parent. 

homology 

Similarity in structure of an organ or a molecule, reflect- 
ing a common evolutionary origin. Specifically, such a 
similarity in protein or nucleic acid sequence. Contrasted 
with analogy— a similarity that does not reflect a com- 
mon evolutionary origin. 

homozygote 

Diploid cell or organism having two identical alleles of a 
specified gene. 

housekeeping gene 

Gene serving a function required in all the cell types of 
an organism, regardless of their specialized role. 

hybridization 

Process whereby two complementary nucleic acid 
strands form a double helix during an annealing period; 
a powerful technique for detecting specific nucleotide 
sequences. 

hybridoma 

Cell line used in the production of monoclonal antibod- 
ies; obtained by fusing antibody-secreting B lymphocytes 
with cells of a lymphocyte tumor. 

hydrocarbon 

Compound that has only carbon and hydrogen atoms. 

hydrolysis (adjective hydrolytic) 

Cleavage of a covalent bond with accompanying addition 
of water, — H being added to one product of the cleavage 
and —OH to the other. 

hydrophilic 

Polar molecule or part of a molecule that forms enough 
hydrogen bonds to water to dissolve readily in water. 
(Literally, "water loving.") 

hydrophobic (lipophilic) 

Nqnpolar molecule or part of a molecule that cannot 
form favorable bonding interactions with water mol- 
ecules and therefore does not dissolve in water. (Literally, 
"water hating.") 

hydroxyl (—OH) 

Chemical group consisting of a hydrogen atom linked to 
an oxygen, as in an alcohol. 

hypertonic 

Describes any medium with a sufficiently high concen- 
tration of solutes to cause water to move out of a cell due 
to osmosis. (From Greek huper, over.) 

hypotonic 

Describes any medium with a sufficiently low concentra- 
tion of solutes to cause water to move into a cell due to 
osmosis. (From Greek hupo, under.) 



immortalization 

Production of a cell line capable of an unlimited number 
of cell divisions. Can be the result of a chemical or viral 
transformation or of fusion with cells of a tumor line. 

immune response 

Response made by the immune system of a vertebrate 
when a foreign substance or microorganism enters its 
body. 



immune system 

Population of lymphocytes and other white blood celk ■ 
the vertebrate body that defends it against infection m 

immunoglobulin (Ig) 

An antibody molecule. Higher vertebrates have fiv P 
classes of immunoglobulin— IgA, IgD, IgE, \qg anH 
IgM-^each with a different role in the immune response 

immunoglobulin like (Ig-like) domain 

Characteristic protein domain of about 100 amino acid 
that is found in antibody molecules and in many othe S 
proteins that form the Ig superfamily. r 

in situ hybridization 

Technique in which a single-stranded RNA or DNA probe 
is used to locate a gene or an mRNA molecule in a cell or 
tissue. (See also hybridization.) 1 

in vitro 

Term used by biochemists to describe a process taking 
place in an isolated cell-free extract. Also used by cell 
biologists to refer to cells growing in culture (in vitro), as 
opposed to in an organism (in vivo). (Latin for "in glass.") 

in vivo 

In an intact cell or organism. (Latin for "in life.") 

induction (embryonic) 

Change in the developmental fate of one tissue caused by 
an interaction with another tissue. 3 

inflammatory response 

Local response of a tissue to injury or infection. Caused 
by invasion of white blood cells, which release various 
local mediators such as histamine. 

initiation factor 

Protein that promotes the proper association of ribo- 
somes with mRNA and is required for the initiation of 
protein synthesis. 

inositol 

Cyclic molecule with six hydroxyl groups that forms the 
hydrophilic head group of inositol phospholipids. 

inositol phospholipids (phosphoinositides) 

One of a family of lipids containing phosphorylated 
inositol derivatives. Although minor components of the 
plasma membrane, they are important in signal trans- 
duction in eucaryotic cells. (See Figure 15-29.) 

insulin 

Polypeptide hormone that is secreted by (3 cells in 
the pancreas and helps regulate glucose metabolism in 
animals. 

integrin 

Member of the large family of transmembrane proteins 
involved in the adhesion of cells to the extracellular ma- 
trix. 

interleukin 

Secreted peptide or protein that mainly mediates local 
interactions between white blood cells (leucocytes). 

intermediate filament 

Fibrous protein filament (about 10 nm in diameter) that 
forms ropelike networks in animal cells. One of the three 
most prominent types of cytoskeletal filaments. 

internal membrane 

Eucaryotic cell membrane other than the plasma mem- 
brane. The membranes of the endoplasmic reticulum 
and the Golgi apparatus are examples. 
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jirtjacts. If these minor cell proteins differ among cells to the same extent as the 
■more abundant proteins, as is commonly assumed, only a small number of pro- 
nto different (perhaps several hundred) suffice to create very large differences 
in' cell morphology and behavior. 

A Cell Can Change the Expression of Its Genes 
In Response to External Signals 3 

Most of the specialized cells in a multicellular organism are capable of altering 
tjjeir patterns of gene expression in response to extracellular cues. If a liver cell 
is exposed to a glucocorticoid hormone, for example, the production of several 
specific proteins is dramatically increased. Glucocorticoids are released during 
periods of starvation or intense exercise and signal the liver to increase the 
production of glucose from amino acids and other small molecules; the set of 
proteins whose production is induced includes enzymes such as tyrosine amino- 
transferase, which helps to convert tyrosine to glucose. When the hormone is no 
longer pr esent » the production of these proteins drops to its normal level. 

Other cell types respond to glucocorticoids in different ways. In fat cells, for 
example, the production of tyrosine aminotransferase is reduced, while some 
other cell types do not respond to glucocorticoids at all. These examples illustrate 
a general feature of cell specializatioiv-different cell types often respond in dif- 
ferent ways to the same extracellular signal. Underlying this specialization are 
features that do not change, which give each cell type its permanently distinc- 
tive character. These features reflect the persistent expression of different sets of 
genes. 



Gene Expression Can Be Regulated at Many of the Steps 
in the Pathway from DNA to RNA to Protein 4 

If differences between the various cell types of an organism depend on the par- 
ticular genes that the cells express, at what level is the control of gene expression 
exercised? There are many steps in the pathway leading from DNA to protein, and 
all of them can in principle be regulated. Thus a cell can control the proteins it 
makes by (1) controlling when and how often a given gene is transcribed (tran- 
scriptional control), (2) controlling how the primary RNA transcript is spliced or 
otherwise processed (RNA processing control), (3) selecting which completed 
mRNAs in the cell nucleus are exported to the cytoplasm (RNA transport con- 
trol), (4) selecting which mRNAs in the cytoplasm are translated by ribosomes 
(traiislational control), (5) selectively destabilizing certain mRNA molecules in 
toe cytoplasm (mRNA degradation control), or (6) selectively activating, inacti- 
vating, or compartmentalizing specific protein molecules after they have been 
made (protein activity control) (Figure 9-2). 

For most genes transcriptional controls are paramount. This makes sense 
oecause, of all the possible control points illustrated in Figure 9-2, only transcrip- 
tional control ensures that no superfluous intermediates are synthesized. In the 
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Figure 9-2 Six steps at which 
eucaryote gene expression can be 
controlled. Only controls that operate 
at steps 1 through 5 are discussed in 
this chapter. The regulation of protein 
activity (step 6) is discussed in 
Chapter 5; this includes reversible 
activation or inactivation by protein 
phosphorylation as well as 
irreversible inactivation by proteolytic 
degradation. 



403 



following sections we discuss the DNA and protein components that regulate the 
initiation of gene transcription. We return at the end of the chapter to the other 
ways of regulating gene expression. 

Summary 

The genome of a cell contains in its DNA sequence the information to make many 
thousands of different protein and RNA molecules. A cell typically expresses only a 
fraction ofits genes, and the different types of cells in multicellular organisms arise 
because different sets of genes are expressed. Moreover, cells can change the pattern 
of genes they express in response to changes in their environment, such as signals from 
other cells. Although all of the steps involved in expressing a gene can in principle be 
regulated, for most genes the initiation of RNA transcription is the most important 
point of control 



DNA-binding Motifs in Gene 
Regulatory Proteins 5 

How does a cell determine which of its thousands of genes to transcribe? As dis- 
cussed in Chapter 8, the transcription of each gene is controlled by a regulatory 
region of DNA near the site where transcription begins. Some regulatory regions 
are simple and act as switches that are thrown by a single signal. Other regula- 
tory regions are complex and act as tiny microprocessors, responding to a vari- 
ety of signals that they interpret and integrate to switch the neighboring gene on 
or off. Whether complex or simple, these switching devices consist of two fun- 
damental types of components: (1) short stretches of DNA of defined sequence 
and (2) gene regulatory proteins that recognize and bind to them. 

We begin our discussion of gene regulatory proteins by describing how these 
proteins were discovered. 

Gene Regulatory Proteins Were Discovered Using 
Bacterial Genetics 6 

Genetic analyses in bacteria carried out in the 1950s provided the first evidence 
of the existence of gene regulatory proteins that turn specific sets of genes on 
or off. One of these regulators, the lambda repressor, is encoded by a bacterial 
virus, bacteriophage lambda. The repressor shuts off the viral genes that code for 
the protein components of new virus particles and thereby enables the viral ge- 
nome to remain a silent passenger in the bacterial chromosome, multiplying with 
the bacterium when conditions are favorable for bacterial growth (see Figure 
6-80). The lambda repressor was among the first gene regulatory proteins to be 
characterized, and it remains one of the best understood, as we discuss later. 
Other bacterial regulators respond to nutritional conditions by shutting off genes 
encoding specific sets of metabolic enzymes when they are not needed. The lac 
repressor, for example, the first of these bacterial proteins to be recognized, turns 
off the production of the proteins responsible for lactose metabolism when this 
sugar is absent from the medium. 

The first step toward understanding gene regulation was the isolation of 
mutant strains of bacteria and bacteriophage lambda that were unable to shut 
off specific sets of genes. It was proposed at the time, and later proved, that most 
of these mutants were deficient in protfeins acting as specific repressors for these 
sets of genes. Because these proteins, like most gene regulatory proteins, are 
present in small quantities, it was difficult and time-consuming to isolate them. 
They were eventually purified by fractionating cell extracts on a series of stan- 
dard chromatography columns (see pp. 166-169). Once isolated, the pro- 
teins were shown to bind to specific DNA sequences close to the genes that they 
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Figure 9-3 Double -helical structure 
of DNA. The major and minor grooves 
on the outside of the double helix, arc 
indicated. The atoms are colored as 
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Figure 9-71 A mechanism to explain 
both the marked deficiency of CG 
sequences and the presence of CG 
Islands In vertebrate genomes. A 
black line marks the location of an 
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Summary 

the many types of cells in animals and plants are created largely through mecha- 
nisms that cause different genes to be transcribed in different cells. Since many spe- 
cialized animal cells can maintain their unique character when grown in culture, the 
gne regulatory mechanisms involved in creating them must be stable once estab- 
lished and heritable when the cell divides, endowing the cell with a memory of its 
developmental history. Procaryotes and yeasts provide unusually accessible model 
systems in which to study gene regulatory mechanisms, some of which may be rel- 
evant to the creation of specialized cell types in higher eucaryotes. One such mecha- 
nism involves a competitive interaction between two (or more) gene regulatory pro- 
teins, each of which inhibits the synthesis of the other; this can create a flip-flop 
switch that switches a cell between two alternative patterns of gene expression. Di- 
rect or indirect positive feedback loops, which enable gene regulatory proteins to 
perpetuate their own synthesis, provide a general mechanism for cell memory. 

In eucaryotes gene transcription is generally controlled by combinations of gene 
regulatory proteins. It is thought that each type of cell in a higher eucaryotic organism 
contains a specific combination of gene regulatory proteins that ensures the expres- 
sion of only those genes appropriate to that type of cell A given gene regulatory pro- 
tein may be expressed in a variety of circumstances and typically is involved in the 
regulation of many genes. 

In addition to diffusible gene regulatory proteins, inluzrited states of chromatin 
condensation are also utilized by eucaryotic cells to regulate gene expression. In ver- 
tebrates DNA methylation also plays a part, mainly as a device to reinforce decisions 
about gene expression that are made initially by other mechanisms. 



Posttranscriptional Controls 



Although controls on the initiation of gene transcription are the predominant 
form of regulation for most genes, other controls can act later in the pathway 
from RNA to protein to modulate the amount of gene product that is made. Al- 
though these posttranscriptional controls, which operate after RNA polymerase 
J 8 bound t0 the gene's promoter and begun RNA synthesis, are less common 
^transcriptional control, /for many genes they are crucial. It seems that every 
step in gene expression that could.be controlled in principle is likely to be regu- 
ated under some circumstances for some genes. 

^ We consider the varieties of posttranscriptional regulation in temporal or- 
% according to the sequence of events that might be experienced by an RNA 
oiecule after its transcription has begun (Figure 9-72) . 
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Figure 6-3 Genes can be expressed 
with different efficiencies. Gene A is 
transcribed and translated much more 
efficient!/ than gene B.This allows the 
amount of protein A in the cell to be 
much greater than that of protein B. 
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FROM DNA TO RNA 

Transcription and translation are the means by which cells read out, or express, 
the genetic instructions in their genes. Because many identical RNA copies can 
be made from the same gene, and each RNA molecule can direct the synthesis 
of many identical protein molecules, cells can synthesize a large amount of 
protein rapidly when necessary. But each gene can also be transcribed and 
translated with a different efficiency, allowing the cell to make vast quantities of 
some proteins and tiny quantities of others (Figure 6-3). Moreover, as we see in 
the next chapter, a cell can change (or regulate) the expression of each of its 
genes according to the needs of the moment — most obviously by controlling 
the production of its RNA. 



Portions of DNA Sequence Are Transcribed into RNA 

The first step a cell takes in reading out a needed part of its genetic instructions 
is to copy a particular portion of its DNA nucleotide sequence— a gene— into an 
RNA nucleotide sequence. The information in RNA, although copied into another 
chemical form, is still written in essentially the same language as it is in DNA — 
the language of a nucleotide sequence. Hence the name transcription. 

Like DNA, RNA is a linear polymer made of four different types of nucleotide 
subunits linked together by phosphodiester bonds (Figure 6-4). It differs from 
DNA chemically in two* respects: (1) the nucleotides in RNA are 
ribonucleotides — that is, they contain the sugar ribose (hence the name ribonu- 
cleic acid) rather than deoxyribose; (2) although, like DNA, RNA contains the 
bases adenine (A), guanine (G), and cytosine (C), it contains the base uracil (U) 
instead of the thymine (T) in DNA. Since U, like T, can base-pair by hydrogen- 
bonding with A (Figure 6-5), the complementary base-pairing properties 
described for DNA in Chapters 4 and 5 apply also to RNA (in RNA, G pairs with 
C, and A pairs with U). It is not uncommon, however, to find other types of base 
pairs in RNA: for example, G pairing with U occasionally. 

Despite these small chemical differences, DNA and RNA differ quite dra- 
matically in overall structure. Whereas DNA always occurs in cells as a double- 
stranded helix, RNA is single-stranded. RNA chains therefore fold up into a 
variety of shapes, just as a polypeptide chain folds up to form the final shape of 
a protein (Figure 6-6). As we see later in this chapter, the ability to fold into com- 
plex three-dimensional shapes allows some RNA molecules to have structural 
and catalytic functions. 



Transcription Produces RNA Complementary to 
One Strand of DNA 

All of the RNA in a cell is made by DNA transcription, a process that has cer- 
tain similarities to the process of DNA replication discussed in Chapter 5. 
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Figure 6-89 Protein aggregates that cause human disease. (A) Schematic illustration of the type of 
conformational change in a protein that produces material for a cross-beta filament. (B) Diagram illustrating 
the self-infectious nature of the protein aggregation that Is central to prion diseases. PrP is highly unusual 
because the misfolded version of the protein, called PrP*, induces the normal PrP protein it contacts* to 
change its conformation, as shown. Most of the human diseases caused by protein aggregation are caused by 
the overproduction of a variant protein that is especially prone to aggregation, but because this structure is 
not infectious in this way, it cannot spread from one animal to another. (C) Drawing of a cross-beta filament 
a common type of protease-resistant protein aggregate found in a variety of human neurological diseases. 
Because the hydrogen-bond interactions in a f) sheet form between polypeptide backbone atoms (see Figure 
3-9), a number of different abnormally folded proteins can produce this structure. (D) One of several 
possible models for the conversion of PrP to PrP*, showing the likely change of two a-helices into four 
p-strands. Although the structure of the normal protein has been determined accurately, the structure of the 
infectious form is not yet known with certainty because the aggregation has prevented the use of standard 
structural techniques. (C, courtesy of Louise Serpell, adapted from M. Sunde et al.,J. Mof. Bfot 273:729-739, 
1 997; D, adapted from S.B. Prusiner. Trends Brochem. So'. 2 1 :482-487, 1 996.) 

animals and humans. It can be dangerous to eat the tissues of animals that con- 
tain PrP*, as witnessed most recently by the spread of BSE (commonly referred 
to as the "mad cow disease") from cattle to humans in Great Britain. 

Fortunately, in the absence of PrP*, PrP is extraordinarily difficult to convert 
to its abnormal form. Although very few proteins have the potential to raisfold 
into an infectious conformation, a similar transformation has been discovered 
to be the cause of an otherwise mysterious "protein-only inheritance" observed 
in yeast cells. 

There Are Many Steps From DNA to Protein 

We have seen so far in this chapter that many different types of chemical reac- 
tions are required to produce a properly folded protein from the information 
contained in a gene (Figure 6-90). The final level of a properly folded protein in 
a cell therefore depends upon the efficiency with which each of the many steps 
is performed. 

We discuss in Chapter 7 that cells have the ability to change the levels of 
their proteins according to their needs. In principle, any or all of the steps in Fig- 
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Figure 6-90 The production of a 
protein by a eucaryotic cell. The final 
level of each protein In a eucaryotic cell 
depends upon the efficiency of each step 
depicted. 
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ure 6-90) could be regulated by the cell for each individual protein. However, as 
we shall see in Chapter 7, the initiation of transcription is the most common 
point for a cell to regulate the expression of each of its genes. This makes sense, 
inasmuch as the most efficient way to keep a gene from being expressed is to 
block the very first step — the transcription of its DNA sequence into an RNA 
molecule. 



Summary 

The translation of the nucleotide sequence of an mRNA molecule into protein takes 
place in the cytoplasm on a large ribonucleoprotein assembly called a ribosome. The 
amino acids used for protein synthesis are first attached to a family of tRNA 
molecules, each of which recognizes, by complementary base-pair interactions, par- 
ticular sets of three nucleotides in the mRNA (codons). The sequence of nucleotides in 
the mRNA is then read from one end to the other in sets of three according to the 
genetic code. 

To initiate translation, a small ribosomal subunit binds to the mRNA molecule 
at a start codon (AUG) that is recognized by a unique initiator tRNA molecule. A 
large ribosomal subunit binds to complete the ribosome and begin the elongation 
phase of protein synthesis. During this phase, aminoacyl tRNAs — each bearing a 
specific amino acid bind sequentially to the appropriate codon in mRNA by farming 
complementary base pairs with the tRNA anticodon. Each amino acid is added to the 
C-terminal end of the growing polypeptide by means of a cycle of three sequential 
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Figure 7^5 Six steps at which 
eucaryottc gene expression can be 
controlled. Controls that operate at 
steps I through 5 are discussed in, this 
chapter. Step 6, the regulation of protein 
activity, includes reversible activation or 
Inactivation by protein phosphorylation 
(discussed in Chapter 3) as well as 
irreversible inactivation by proteolytic 
degradation (discussed in Chapter 6). 



Gene Expression Can Be Regulated at Many of the Steps 
in the Pathway from DNA to RNA to Protein 

If differences among the various cell types of an organism depend on the partic- 
ular genes that the cells express, at what level is the control of gene expression 
exercised? As we saw in the last chapter, there are many steps in the pathway 
leading from DNA to protein, and all of them can in principle be regulated. Thus 
a cell can control the proteins it makes by (1) controlling when and how often a 
given gene is transcribed (transcriptional control), (2) controlling how the RNA 
transcript is spliced or otherwise processed (RNA processing control), (3) 
selecting which completed mRNAs in the cell nucleus are exported to the cytosol 
and determining where in the cytosol they are localized (RNA transport and 
localization control), (4) selecting which mRNAs in the cytoplasm are translated 
by ribosomes (translational control), (5) selectively destabilizing certain mRNA 
molecules in the cytoplasm (mRNA degradation control), or (6) selectively acti- 
vating, inactivating, degrading, or compartmentalizing specific protein 
molecules after they have been made (protein activity control) (Figure 7-5). 

For most genes transcriptional controls are paramount. This makes sense 
because, of all the possible control points illustrated in Figure 7-5, only tran- 
scriptional control ensures that the cell will not synthesize superfluous interme- 
diates. In the following sections we discuss the DNA and protein components 
that perform this function by regulating the initiation of gene transcription. We 
shall return at the end of the chapter to the additional ways of reeulatine eene 
expression. b6 

Summary 

lite genome of a cell contains in its DNA sequence the information to make many 
thousands of different protein and RNA molecules. A cell typically expresses only a 
fraction of Us genes, and the different types of cells in multicellular organisms arise 
because different sets of genes are expressed. Moreover, cells can change the pattern 
ofgenes they express in response to changes in their environment, such as signals 
from other cells. Although all of the steps involved in expressing a gene can in prin- 
ciple be regulated, for most genes the initiation of RNA transcription is the most 
. important point of control 

DNA-BINDING MOTIFS IN GENE REGULATORY 
PROTEINS 

How does a cell determine which of its thousands of genes to transcribe? As 
mentioned briefly in Chapters 4 and 6, the transcription of each gene is con- 
ttolled by a regulatory region of DNA relatively near the site where transcription 
oeguis. Some regulatory regions are simple and act as switches that are thrown 
. °y a single signal. Many others are complex and act as tiny microprocessors, 
responding to a variety of signals that they interpret and integrate to switch the 
neighboring gene on or off. Whether complex or simple, these switching devices 
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occur in the germ line, the cell lineage that gives rise to sperm or eggs. Most of 
the DNA in vertebrate germ cells is inactive and highly methylated. Over long 
periods of evolutionary time, the methylated CG sequences in these inactive 
regions have presumably been lost through spontaneous deainination events 
that were not properly repaired. However promoters of genes that remain active 
in the germ cell lineages (including most housekeeping genes) are kept 
unmethylated, and therefore spontaneous deaminations of Cs that occur with- 
in them can be accurately repaired. Such regions are preserved in modern day 
vertebrate cells as CG islands. In addition, any mutation of a CG sequence in the -hlWLTJUU* 
genome that destroyed the function or regulation of a gene in the adult would be 
selected against, and some CG islands are simply the result of a higher than nor- 
mal density of critical CG sequences. 

The mammalian genome contains an estimated 20,000 CG islands. Most of 
the islands mark the 5' ends of transcription units and thus, presumably, of 
genes. The presence of CG islands often provides a convenient way of identify- 
ing genes in the DNA sequences of vertebrate genomes. 



Summary 

The many types of cells in animals and plants are created largely through mecha- 
nisms that cause different genes to be transcribed in different cells. Since many 
specialized animal cells can maintain their unique character through many cell 
division cycles and even when grown in culture, the gene regulatory mechanisms 
involved in creating them must be stable once established and heritable when the 
ceUdivides. These features endow the cell with a memory of its developmental history. 
Bacteria and yeasts provide unusually accessible model systems in which to study 
gene regulatory mechanisms. One such mechanism involves a competitive interac- 
tion between two gene regulatory proteins, each of which inhibits the synthesis of the 
other, this can create a flip-flop switch tliat switches a cell between two alternative 
patterns of gene expression. Direct or indirect positive feedback loops, which enable 
gene regulatory proteins to perpetuate their own synthesis, provide a general mech- 
anism for cell memory. Negative feedback loops with programmed delays form the 
basis far cellular clocks. 

In eucaryotes the transcription of a gene is generally controlled by combinations 
of gene regulatory proteins. It is thought that each type of cell in a higher eucaryotic 
organism contains a specific combination of gene regulatory proteins that ensures 
theexpression of only those genes appropriate to that type of cell A given gene regu- 
latory protein may be active in a variety of circumstances and typically is involved 
in the regulation of many genes. 

In addition to diffusible gene regulatory proteins, inherited states of chromatin 
condensation are also used by eucaryotic cells to regulate gene expression. An espe- 
cially dramatic case is the inactivation of an entire X chromosome in female mam- 
mals. In vertebrates DNA methylation also functions in gene regulation, being used 
mainly as a device to reinforce decisions about gene expression that are made ini- 
tially by other mechanisms. DNA methylation also underlies the phenomenon of 
genomic imprinting in mammals, in which the expression of a gene depends on 
whether it was inherited from the mother or the father. 
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Figure 7-46 A mechanism to explain 
both the marked overall deficiency 
of CG sequences and their clustering 
into CG islands in vertebrate 
genomes. A black tine marks the location 
of a CG dinucleotide in the DNA 
sequence, while a red "lollipop" indicates 
the presence of a methyl group on the 
CG dinucleotide. CG sequences that lie in 
regulatory sequences of genes that are 
transcribed in germ cells are unmethylated 
and therefore tend to be retained In 
evolution. Methylated CG sequences, on 
the ojher hand, tend to be lost through 
deamlnation of 5-methyl C toT, unless the 
CG sequence is critical for survival. 



POSTTRANSCRIPTIONAL CONTROLS 

In principle, every step required for the process of gene expression could be 
controlled. Indeed, one can find examples of each type of regulation, although 
any one gene is likely to use only a few of them. Controls on the initiation of 
gene transcription are the predominant form of regulation for most genes. But 
other controls can act later in the pathway from DNA to protein to modulate 
the amount of gene product that is made. Although these posttranscriptlonal 
controls, which operate after RNA polymerase has bound to the gene's promoter 
and begun RNA synthesis, are less common than transcriptional control, for 
many genes they are crucial. 
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CHAPTER 29 



Regulation of transcription 



flte phenotypic dilR-rences thai distinguish the 
prions kinds of cells in a higher eukaryole are 
largely due to differences in the expression of 
?e nes thai code for proteins, that is. those tran- 
scribed by RNA polymerase II. In principle, the 
expression of these genes might he regulated at 
fl ny one of several stages. The concept of the 
-level of control" implies that gene expression 
" js not necessarily an automatic process once it 
has begun. It could he regulated in a gene- 
specific way ai any one of several sequential 
sieps. We can distinguish (at least) live poten- 
tial control poinls. forming the series: 

Activation of gene structure 
I 

Initiation of transcription 
I 

Processing the transcript 

Transport, to evtoplasm 
I 

Translation or niKNA 

The existence or the first step is implied by 
the discovery that genes may exist in either of 
hvo .structural conditions. Kelative to the stale 
(if most or the genome, genes are found in 
hii Active- state in the cells in which thev 
W expressed (see Chapter 27). The change of 
structure is. distinct from the act of transcrip- 
lion, and indicates that the gene is nranserib- 
able. n This suggesLs that acquisition of the 
"active" structure must be the first step in gene 
expression. 

Transcription of a gene in the active state is 



controlled at the stage or initiation, thai is. by 
the interaction of RNA polymerase with its pro- 
moter. This is now becoming susceptible to 
analysis in the in vitrx* systems (see Chapter 
28). For most genes, this is a maior control 
point; probably it is the most common level of 
regulation. 

There is at present no evidence for control 
at subsequent stages of transcription in eukary- 
otic cells, for example, via anlitermination 
mechanisms. 

The primary transcript is modified by capping 
at the 5' end, and usually also by polvadenyla- 
tion at the 3' end. Introns must "be spliced "out 
from the transcripts of interrupted genes. The 
mature RNA must he exported from, the nucleus 
to the cytoplasm. Regulation or gene expression 
by selection of sequences at the lever of nuclear 
RNA might involve any or all of these stages, 
but the one for which we have most evidence 
concerns changes in splicing: some genes are 
expressed by means of alternative splicing pat* 
lems whose regulation controls the tvpe or pro- 
tein product (see Chapter 30). 

Finally, the translation of an m RNA in the cyto- 
plasm can be specifically controlled. There is little 
evidence for the employment of this mechanism in 
adult somatic cells, but it does occur in some 
embryonic situations, as described in Chapter 7. 
The mechanism is presumed to involve the block- 
ing of initiation of translation of some mRNAs by 
specific protein factors. 

But having acknowledged that control or gene 
expression can occur at multiple stages, and 
that production of RNA cannot inevitably be 
equated with production of protein, it is clear 
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that the overwhelming majority of regulatory 
events occur at,.the- iriitiation of transcription. 
Regulation of tissue-specific gene transcription 
lies at the heart of eukaryotic differentiation; 
indeed, we see examples in Chapter 38 in 
which proteins that regulate embryonic devel- 
opment prove to be transcription factors. A reg- 
ulatory transcription factor serves to provide 



common control of a targe number or target 
genes, and we seek to answer two questions 
about this mode of regulation: what identifies 
the common target genes to the transcription 
factor; and how is the activity of the transcrij>- 
tion factor itself regulated in response to intrin- 
sic or extrinsic signals? 



Response elements identify genes under common 
regulation 



The principle that emerges from characterizing 
groups of genes under common control is that 
they' share a promoter element that is recognized 
by a regulator}- transcription factor. An element 
that causes a gene to respond to such a factor 
is called a response element; examples are the 
HSE (heat shock response element), GRE 
(glucocorticoid response element), SRE (serum 
response element). 

The properties of some inducible transcription 
factors and the elements that they recognize are 
summarized in- Table 29.1. Response elements 
have the same general characteristics as 
upstream elements of promoters or enhancers. 
They contain short consensus sequences, and 
copies of the response elements found in dif- 
ferent genes are closely related, but not neces- 
sarily identical. The region bound by the factor 
extends for- a short distance on either side of 



Table 29.1 Inducible transcription factors bind to 
response elements that identify groups o! promoters 
Of enhancers subject to coordinate control. 



Regulatory Agent Module Consensus 



Factor 



Heat shock HSE CNNGAANNTCCNNG HSTF 

Glucocorticoid GRE TGGTACAAATGTTCT Receptor 

Phorool ester TRE TGACTCA API 

Serum SRE CCATATTAGG SRF 



the consensus sequence. In promoters, the ele- 
ments are not present at fixed distances from 
the startpoint, but are usually <200 bp upstream 
of it. The presence of a single element usually 
is sufficient to confer the regulatory response, 
but sometimes there are multiple copies. 

Response elements may be located in pro- 
moters or in enhancers. Some types of element* 
are typically found in one rather than the othe* 
usually an HSE is found in a promoter, while * 
GftE is found in an enhancer. We assume tM 
all response elements function by the san* 
general principle. A gene is regulated by a 
sequence at tlie promoter or enhancer thai # 
recognized by a specific protein. The pro***" 
Junctions as a transcription factor needed F 
UNA polymerase to initiate. Active protein 
available only under conditions when the. 
to be expressed; its absence means that the 
moter is not activated by this particular " 

An example of a situation in which w* 8 m 
genes are controlled by a single factor is ^ 
\ided by the heat shock response. This is ^ 
mon to a wide range of prokary° leS fl j 
eukaryotes and involves multiple contro is 
gene expression: an increase in temper 0 ^ 
turns off transcription of some genes, lurnS ^ 
transcription of the heal shock S 6 " 857 ,^ 
causes changes in the translation of lC < 



The control of the heat shock genes 



«-5 



the differences between prokaryotic % 

eukaryotic modes of control. In. bacteria, 3 ^ 

sigma factor is synthesized that directs ^ 
polymerase holoenzyme to recognize a* 1 - 
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Abstract 

Background: Prostate stem cell antigen (PSCA) is a recently defined homologue of the Thy-l/ly-6 family of 
glycosylphosphatidylinositol (GPI)-anchored cell surface antigens. The purpose of the present study was to 
examine the expression status of PSCA protein and mRNA in clinical specimens of human prostate cancer (Pea) 
and to validate it as a potential molecular target for diagnosis and treatment of Pea. 

Materials and Methods: Immunohistochemical (IHC) and mi situ hybridization (ISH) analyses of PSCA 
expression were simultaneously performed on paraffin-embedded sections from 20 benign prostatic hyperplasia 
(BPH). 20 prostatic intraepithelial neoplasm (PIN) and 48 prostate cancer (Pea) tissues, including 9 androgen- 
independent prostate cancers. The level of PSCA expression was semi quantitatively scored by assessing both the 
percentage and intensity of PSCA-positive staining cells in the specimens. Then compared PSCA expression 
between BPH, PIN and Pea tissues and analysed the correlations of PSCA expression level with pathological grade, 
clinical stage and progression to androgen-independence in Pea. 

Results: In BPH and low grade PIN. PSCA protein and mRNA staining were weak or negative and less intense 
and uniform than that seen in HGPIN and Pea. There were moderate to strong PSCA protein and mRNA 
expression in 8 of 1 1 (727%) HGPIN and in 40 of 48 (83.4%) Pea specimens examined by IHC and ISH analyses, 
with statistical significance compared with BPH (20%) and low grade PIN (22.2%) samples (p < 0.05, respectively). 
The expression level of PSCA increased with high Gleason grade, advanced stage and progression to androgen- 
independence (p < 0.05, respectively). In addition. IHC and ISH staining showed a high degree of correlation 
between PSCA protein and mRNA overexpression. 

Conclusions: Our data demonstrate that PSCA as a new cell surface marker is overexpressed by a majority of 
human Pea. PSCA expression correlates positively with adverse tumor characteristics, such as increasing 
pathological grade (poor cell differentiation), worsening clinical stage and androgen-independence, and 
speculatively with prostate carcinogenesis. PSCA protein overexpression results from upreguiated transcription 
of PSCA mRNA. PSCA may have prognostic utility and may be a promising molecular target for diagnosis and 
treatment of Pea. 
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Introduction 

Prostate cancer (Pea) is the second leading cause of can- 
cer-related death in American men and is becoming a 
common cancer increasing in China. Despite recently 
great progress in the diagnosis and management of local- 
ized disease, there continues to be a need for new diagnos- 
tic markers that can accurately discriminate between 
indolent and aggressive variants of Pea. There also contin- 
ues to be a need for the identification and characterization 
of potential new therapeutic targets on Pea cells. Current 
diagnostic and therapeutic modalities for recurrent and 
metastatic Pea have been limited by a lack of specific tar- 
get antigens of Pea, 

Although a number of prostate-specific genes have been 
identified (i.e. prostate specific antigen, prostatic acid 
phosphatase, glandular kalhkrein 2), the majority of these 
are secreted proteins not ideally suited for many immuno- 
logical strategies. So, the identification of new cell surface 
antigens is critical to the development of new diagnostic 
and therapeutic approaches to the management of Pea, 

Reiter RE et al [1] reported the identification of prostate 
stem cell antigen (PSCA), a cell surface antigen that is pre- 
dominantly prostate specific. The PSCA gene encodes a 
123 amino acid glycoprotein, with 30% homology to 
stem ceil antigen 2 (Sea 2). Like Sca-2, PSCA also belongs 
to a member of theThy-l/Ly-6 family and is anchored by 
a glycosylphosphatidylinositol (GPI) linkage. mRNA in 
situ hybridization (ISH) localized PSCA expression in nor- 
mal prostate to the basal cell epithelium, the putative 
stem cell compartment of prostatic epithelium, suggesting 
that PSCA may be a marker of prostate stem/progenitor 
cells. 

In order to examine the status of PSCA protein and mRNA 
expression in human Pea and validate it as a potential 
diagnostic and therapeutic target for Pea, we used immu- 
nohistochemistry (IHC) and in situ hybridization (ISH) 
simultaneously, and conducted PSCA protein and mRNA 
expression analyses in paraffin-embedded tissue speci- 
mens of benign prostatic hyperplasia (BPH, n - 20), pros- 
tate intraepithelial neoplasm (PIN, n = 20) and prostate 
cancer (Pea, n = 48). Furthermore, we evaluated the possi- 
ble correlation of PSCA expression level with Pea tumori- 
genesis, grade, stage and progression to androgen- 
independence. 

Materials and methods 
Tissue samples 

All of the clinical tissue specimens studied herein were 
obtained from 80 patients of 57-84 years old by prostate- 
ctomy, transurethral resection of prostate (TURP) or biop- 
sies. The patients were classified as 20 cases of BPH, 20 
cases of PIN, 40 cases of primary Pea, including 9 patients 



with recurrent Pea and a history of androgen ablation 
therapy (orchiectomy and/or hormonal therapy), who 
were referred to as androgen-independent prostate can- 
cers. Eight specimens were harvested from these andro- 
gen-independent Pea patients prior to androgen ablation 
treatment. Each tissue sample was cut into two parts, one 
was fixed in 10% formalin for IHC and the other treated 
with 4% paraformaldehyde/0.1 M PBS .PH 7.4 in 0.1% 
DEPC for 1 h for ISH analysis, and then embedded in par- 
affin. All paraffin blocks examined were then cut into 5 
ixm sections and mounted on the glass slides specific for 
IHC and ISH respectively in the usual fashion. H&E- 
stained section of each Pea was evaluated and assigned a 
Gleason score by the experienced urological pathologist at 
our institution based on the criteria of Gleason score |2). 
The Gleason sums are summarized in Table 1. Clinical 
staging was performed according to Jewett-whitmore- 
prout staging system, as shown in Table 2. In the category 
of PIN, we graded the specimens into two groups, i.e. low 
grade PIN (grade 1 - II) and high grade PIN (HGPIN, 
grade III) on the basis of literatures [3,4]. 

lmmunohistochemicat (IHC) analysis 

Briefly, tissue sections were deparaffmized, dehydrated, 
and subjected to microwaving in 10 mmol/L citrate 
buffer, PH 6.0 (Boshide, Wuhan, China) in a 900 W oven 
for 5 min to induce epitope retrieval. Slides were allowed 
to cool at room temperature for 30 min. A primary mouse 
antibody specific to human PSCA (Boshide, Wuhan, 
China) with a 1:100 dilution was applied to incubate with 
the slides at room temperature for 2 h. Labeling was 
detected by sequentially adding biotinylated secondary 
antibodies and strep avidin-peroxidase, and localized 
using 3,3'-diaminobenzidine reaction. Sections were then 
counterstained with hematoxylin. Substitution of the pri- 
mary antibody with phosphate-buffered-saline (PBS) 
served as a negative-staining control. 

mRNA in situ hybridization (ISH) 

Five-nm-thick tissue sections were deparaffmized and 
dehydrated, then digested in pepsin solution (4 mg/ml in 
3% citric acid) for 20 min at 37.5 °C, and further proc- 
essed for ISH. Digoxigenin-labeled sense and antisense 
human PSCA RNA probes (obtained from Boshide, 
Wuhan, China) were hybridized to the sections at 48 °C 
overnight. The posthybridization wash with a high strin- 
gency was performed sequentially at 37°C in 2 * standard 
saline citrate (SSC) for 10 min, in 0.5 * SSC for 15 min 
and in 0.2 * SSC for 30 min. The slides were then incu- 
bated to biotinylated mouse anti-digoxigenin antibody at 
37.5 °C fori h followed by washing in 1 x PBS for 20 min 
at room temperature, and then to strepavidin-peroxidase 
at 37.5°C for 20 min followed by washing in 1 x PBS for 
15 min at room temperature. Subsequently, the slides 
were developed with diaminobenzidine and then coun- 
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Table 1: Correlation of PSCA expression with Gleason score 



intensity * frequency 



Gleason score 



0-6 (X) 



9(%) 



2-4 
5-7 
8-10 



S(83) 
19(79) 
5(28) 



1 (17) 
5(21) 
13(72) 



Table 2: Correlation of PSCA expression with clinical stage 



Intensity * frequency 



Tumor stage 0-4 (%) 9 (%) 

*B 27 (67.5) 13 (32.5) 

*C 2(25) 6(75) 



terstained with hematoxylin to localize the hybridization 
signals. Sections hybridized with the sense control probes 
routinely did not show any specific hybridization signal 
above background. All slides were hybridized with PBS to 
substitute for the probes as a negative control. 

Scoring methods 

To determine the correlation between the results of PSCA 
immunostaining and mRNA in situ hybridization, the 
same scoring manners are taken in the present study for 
PSCA protein staining by IHC and PSCA mRNA staining 
by ISH. Each slide was read and scored by two independ- 
ently experienced urological pathologists using Olympus 
BX-41 light microscopes. The evaluation was done in a 
blinded fashion. For each section, five areas of similar 
grade were analyzed semiquantitatively for the fraction of 
cells staining. Fifty percent of specimens were randomly 
chosen and rescored to determine the degree of interob- 
server and intraobserver concordance. There was greater 
than 95% intra- and interobserver agreement. 

The intensity of PSCA expression evaluated microscopi- 
cally was graded on a scale of 0 to 3+ with 3 being the 
highest expression observed (0, no staining; l+ ( mildly 
intense; 2+, moderately intense; 3+, severely intense). The 
staining density was quantified as the percentage of cells 
staining positive for PSCA with the primary antibody or 
hybridization probe, as follows: 0 = no staining; 1 = posi- 
tive staining in <25% of the sample; 2 = positive staining 
in 25%-50% of the sample; 3 = positive staining in >50% 



of the sample. Intensity score (0 to 3+) was multiplied by 
the density score (0-3) to give an overall score of 0-9 
(1,5). In this way, we were able to differentiate specimens 
that may have had focal areas of increased staining from 
those that had diffuse areas of increased staining (6). The 
overall score for each specimen was then categorically 
assigned to one of the following groups: 0 score, negative 
expression; 1-2 scores, weak expression; 3-6 scores, mod- 
erate expression; 9 score, strong expression. 

Statistical analysis 

Intensity and density of PSCA protein and mRNA expres- 
sion in BPH, PIN and Pea tissues were compared using the 
Chi-square and Student's t-test. Univariate associations 
between PSCA expression and Gleason score, clinical 
stage and progression to androgen-independence were 
calculated using Fisher's Exact Test. For all analyses, p < 
0.05 was considered statistically significant. 

Results 

PSCA expression in BPH 

In general, PSCA protein and mRNA were expressed 
weakly in individual samples of BPH. Some areas of 
prostate expressed weak levels (composite score 1-2), 
whereas other areas were completely negative (composite 
score 0). Four cases (20%) of BPH had moderate expres- 
sion of PSCA protein and mRNA (composite score 4-6) 
by IHC and ISH. In 2/20 (10%) BPH specimens, PSCA 
mRNA expression was moderate (composite score 3-6), 
but PSCA protein expression was weak (composite score 
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2) in one and negative (composite score 0) in the other. 
PSCA expression was localized to the basal and secretory 
epithelial cells, and prostatic stroma was almost negative 
staining for PSCA protein and mRNA in all cases 
examined. 

PSCA expression In PIN 

In this study, we detected weak or negative expression of 
PSCA protein and mRNA (£2 scores) in 7 of 9 (77.8%) 
low grade PIN and in 2 of 11 (18.2%) HGPIN, and mod- 
erate expression (3-6 scores) in the rest 2 low grade PIN 
and 5 of 1 1 (45.5%) HGPIN. One HGPIN with moderate 
PSCA mRNA expression (6 score) was found weak stain- 
ing for PSCA protein (2 score) by 1HC. Strong PSCA pro- 
tein and mRNA expression (9 score) were detected in the 
remaining 3 of 11 (27.3%) HGPIN. There was a statisti- 
cally significant difference of PSCA protein and mRNA 
expression levels observed between HGPIN and BPH (p < 
0.05), but no statistical difference reached between low 
grade PIN and BPH (p > 0.05). 

PSCA expression in Pea 

In order to determine if PSCA protein and mRNA can be 
detected in prostate cancers and if PSCA expression levels 
are increased in malignant compared with benign glands, 
Forty-eight paraffin-embedded Pea specimens were ana- 
lysed by IHC and ISH. It was shown that 1 9 of 48 (39.6%) 
Pea samples stained very strongly for PSCA protein and 
mRNA with a score of 9 and another 21 (43.8%) speci- 
mens displayed moderate staining with scores of 4-6 (Fig- 
ure 1). In addition, 4 specimens with moderate to strong 
PSCA mRNA expression (scores of 4-9) had weak protein 
staining (a score of 2) by IHC analyses. Overall, Pea 
expressed a significantly higher level of PSCA protein and 
mRNA than any other specimen category in this study (p 
< 0.05, compared with BPH and PIN respectively). The 
result demonstrates that PSCA protein and mRNA are 
overexpressed by a majority of human Pea. 

Correlation of PSCA expression with Gleason score in Pea 

Using the semi-quantitative scoring method as described 
in Materials and Methods, we compared the expression 
level of PSCA protein and mRNA with Gleason grade of 
Pea, as shown in Table 1. Prostate adenocarcinomas were 
graded by Gleason score as 2-4 scores » well-differentia- 
tion, 5-7 scores - moderate-differentiation and 8-10 
scores = poor-differentiation [7]. Seventy-two percent of 
Gleason scores 8-10 prostate cancers had very strong 
staining of PSCA compared to 21% with Gleason scores 
5-7 and 17% with 2-4 respectively, demonstrating that 
poorly differentiated Pea had significantly stronger 
expression of PSCA protein and mRNA than moderately 
and well differentiated tumors (p < 0.05). As depicted in 
Figure 1, IHC and ISH analyses showed that PSCA protein 
and mRNA expression in several cases of poorly differen- 



tiated Pea were particularly prominent, with more intense 
and uniform staining. The results indicate that PSCA 
expression increases significandy with higher tumor grade 
in human Pea. 

Correlation of PSCA expression with clinical stage In Pea 
With regards to PSCA expression in every stage of Pea, we 
showed the results in Table 2. Seventy-five percent of 
locally advanced and node positive cancers (i.e. C-D 
stages) expressed stadstically high levels of PSCA versus 
32.5% that were organ confined (i.e. A-B stages) (p < 
0.05). The data demonstrate that PSCA expression 
increases significantly with advanced tumor stage in 
human Pea. 

Correlation of PSCA expression with androgen- 
independent progression of Pea 

All 9 specimens of androgen-independent prostate can- 
cers stained positive for PSCA protein and mRNA. Eight 
specimens were obtained from patients managed prior to 
androgen ablation therapy. Seven of eight (87.5%) of 
these androgen-independent prostate cancers were in the 
strongest staining category (score - 9), compared with 
three out of eight (37.5%) of patients with androgen- 
dependent cancers (p < 0.05). The results demonstrate 
that PSCA expression increases significantly with progres- 
sion to androgen-independence of human Pea. 

It is evident from the results above that within a majority 
of human prostate cancers the level of PSCA protein and 
mRNA expression correlates significantly with increasing 
grade, worsening stage and progression to androgen-inde- 
pendence. 

Correlation of PSCA immunostaining and mRNA in situ 
hybridization 

In all 88 specimens surveyed herein, we compared the 
results of PSCA IHC staining with mRNA ISH analysis. 
Positive staining areas and its intensity and density scores 
evaluated by IHC were identical to those seen by ISH in 79 
of 88 (89.8%) specimens (18/20 BPH, 19/20 PIN and 42/ 
48 Pea respectively). Importantly, 27/27 samples with 
PSCA mRNA composite scores of 0-2, 32/36 samples 
with scores of 3-6 and 22/24 samples with a score of 9 
also had PSCA protein expression scores of 0-2, 3-6 and 
9 respectively. However, in 5 samples with PSCA mRNA 
overall scores of 3-6 and in 2 with scores of 9 there were 
less or negative PSCA protein expression (i.e. scores of 0- 
4), suggesting that this may reflect posttranscriptional 
modification of PSCA or that the epitopes recognized by 
PSCA mAb may be obscured in some cancers. The data 
demonstrate that the results of PSCA immunostaining 
were consistent with those of mRNA ISH analysis, show- 
ing a high degree of correlation between PSCA protein 
and mRNA expression. 
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Figure I 

Representatives of PSCA IHC and ISH staining in Pea (A. IHC staining, B. ISH staining, *200 magnification). A,, B,: negative con- 
trol of IHC and ISH. PBS replacing the primary antibody (A,) and hybridization with a sense PSCA probe (B,) showed no back- 
ground staining. A 2 . a moderately differentiated Pea (Gleason score = 3+3 = 6) with moderate staining (composite score = 
6) in all malignant cells; A 2 : IHC shows not only cell surface but also apparent cytoplasmic staining of PSCA protein. A 3 , B 3 : a 
poorly differentiated Pea (Gleason score = 4+4 = 8) with very strong staining (composite score = 9) in all malignant cells. 
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Discussion 

PSCA is homologous to a group of cell surface proteins 
that mark the earliest phase of hematopoietic develop- 
ment. PSCA mRNA expression is prostate-specific in nor- 
mal male tissues and is highly up-regulated in both 
androgen-dependent and-independent Pea xenografts 
(IAPC^4 tumors). We hypothesize that PSCA may play a 
role in Pea tumorigenesis and progression, and may serve 
as a target for Pea diagnosis and treatment. In this study, 
IHC and ISH showed that in general there were weak or 
absent PSCA protein and mRNA expression in BPH and 
low grade PIN tissues. However, PSCA protein and mRNA 
are widely expressed in HGPIN, the putative precursor of 
invasive Pea, suggesting that up-regulauon of PSCA is an 
early event in prostate carcinogenesis. Recently, Reiter RE 
et al [1), using ISH analysis, reported that 97 of 1 18 (82%) 
HGPIN specimens stained strongly positive for PSCA 
mRNA. A very similar finding was seen on mouse PSCA 
(rnPSCA) expression in mouse HGPIN tissues by Tran C. 
P et ai [8]. These data suggest that PSCA may be a new 
marker associated with transformation of prostate cells 
and tumorigenesis. 

We observed that PSCA protein and mRNA are highly 
expressed in a large percentage of human prostate cancers, 
including advanced, poorly differentiated, androgen- 
independent and metastatic cases. Fluorescence-activated 
cell sorting and confocal/ immunofluorescent studies 
demonstrated cell surface expression of PSCA protein in 
Pea cells (9). Our IHC expression analysis of PSCA shows 
not only cell surface but also apparent cytoplasmic stain- 
ing of PSCA protein in Pea specimens (Figure 1). One pos- 
sible explanation for this is that anti-PSCA antibody can 
recognize PSCA peptide precursors that reside in the cyto- 
plasm. Also, it is possible that the positive staining that 
appears in the cytoplasm is actually from the overlying 
cell membrane [5 ] . These data seem to indicate that PSCA 
is a novel cell surface marker for human Pea. 

Our results show that elevated level of PSCA expression 
correlates with high grade (i.e. poor differentiation), 
increased tumor stage and progression to androgen-inde- 
pendence of Pea. These findings support the original IHC 
analyses by Gu Z et al (9), who reported that PSCA protein 
expressed in 94% of primary Pea and the intensity of 
PSCA protein expression increased with tumor grade, 
stage and progression to androgen-independence. Our 
results also collaborate the recent work of Han KR et al 
[10], in which the significant association between high 
PSCA expression and adverse prognostic features such as 
high Gleason score, seminal vesicle invasion and capsular 
involvement in Pea was found. It is suggested that PSCA 
overexpression may be an adverse predictor for recur- 
rence, clinical progression or survival of Pea. Hara H et al 
used RT-PCR detection of PSA, PSMA and PSCA in 1 



ml of peripheral blood to evaluate Pea patients with poor 
prognosis. The results showed that among 58 PCa 
patients, each PCR indicated the prognostic value in the 
hierarchy of PSCA>PSA>PSMA RT-PCR, and extraprostatic 
cases with positive PSCA PCR indicated lower disease-pro- 
gression-free survival than those with negative PSCA PCR, 
demonstrating that PSCA can be used as a prognostic fac- 
tor. Dubey P et al [12] reported that elevated numbers of 
PSCA + cells correlate positively with the onset and devel- 
opment of prostate carcinoma over a long time span in 
the prostates of the TRAMP and PTEN +/- models com- 
pared with its normal prostates. Taken together with our 
present findings, in which PSCA is overexpressed from 
HGPIN to almost frank carcinoma, it is reasonable and 
possible to use increased PSCA expression level or 
increased numbers of PSCA-positive cells in the prostate 
samples as a prognostic marker to predict the potential 
onset of this cancer. These data raise the possibility that 
PSCA may have diagnostic utility or clinical prognostic 
value in human Pea. 

The cause of PSCA overexpression in Pea is not known. 
One possible mechanism is that it may result from PSCA 
gene amplification. In humans, PSCA is located on chro- 
mosome 8q24.2 [1], which is often amplified in meta- 
static and recurrent Pea and considered to indicate a poor 
prognosis [13-15]. Interestingly, PSCA is in close proxim- 
ity to the c-myc oncogene, which is amplified in >20% of 
recurrent and metastatic prostate cancers [16,17]. Reiter 
RE et al 1 18 1 reported that PSCA and MYC gene copy num- 
bers were co-amplified in 25% of tumors (five out of 
twenty), demonstrating that PSCA overexpression is asso- 
ciated with PSCA and MYC coamplification in Pea. Gu Z 
et al |S>] recently reporteted that in 102 specimens availa- 
ble to compare the results of PSCA immunostaining with 
their previous mRNA ISH analysis, 92 (90.2%) had iden- 
tically positive areas of PSCA protein and mRNA expres- 
sion. Taken together with our findings, in which we 
detected moderate to strong expression of PSCA protein 
and mRNA in 34 of 40 (85%) Pea specimens examined 
simultaneously by IHC and ISH analyses, it is demon- 
strated that PSCA protein and mRNA overexpressed in 
human Pea, and that the increased protein level of PSCA 
was resulted from the upregulated transcription of its 
mRNA. 

At present, the regulation mechanisms of human PSCA 
expression and its biological function are yet to be eluci- 
dated. PSCA expression may be regulated by multiple fac- 
tors ]18]. WatabeTet al [19] reported that transcriptional 
control is a major component regulating PSCA expression 
levels. In addition, induction of PSCA expression may be 
regulated or mediated through cell-cell contact and pro- 
tein kinase C (PKC) [20]. Homologues of PSCA have 
diverse activities, and have themselves been involved in 
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carcinogenesis. Signalling through SCA-2 has been dem- 
onstrated to prevent apoptosis in immature thymocytes 
[21]. Thy-1 is involved in T cell activation and transducts 
signals through src-like tyrosine kinases [22). Ly-6 genes 
have been implicated both in tumorigenesis and in cell* 
cell adhesion [23-25]. Cell-cell or cell-matrix interaction is 
critical for local tumor growth and spread to distal sites. 
From its restricted expression in basal cells of normal 
prostate and its homology to SCA-2, PSCA may play a role 
in stem/progenitor cell function, such as self-renewal (i.e. 
anti-apoptosis) and/or proliferation [1], Taken together 
with the results in the present study, we speculate that 
PSCA may play a role in tumorigenesis and clinical pro- 
gression of Pea through affecting cell transformation and 
proliferation. From our results, it is also suggested that 
PSCA as a new cell surface antigen may have a number of 
potential uses in the diagnosis, therapy and clinical prog- 
nosis of human Pea. PSCA overexpression in prostate 
biopsies could be used to identify patients at high risk to 
develop recurrent or metastatic disease, and to discrimi- 
nate cancers from normal glands in prostatectomy sam- 
ples. Similarly, the detection of PSCA-overexpressing cells 
in bone marrow or peripheral blood may identify and pre- 
dict metastatic progression better than current assays, 
which identify only PSA-positive or PSMA-positive pros- 
tate cells. 

In summary, we have shown in this study that PSCA pro- 
tein and mRNA are maintained in expression from 
HGPIN through all stages of Pea in a majority of cases, 
which may be associated with prostate carcinogenesis and 
correlate positively with high tumor grade (poor ceil dif- 
ferentiation), advanced stage and androgen-independent 
progression. PSCA protein overexpression is due to the 
up regulation of its mRNA transcription. The results sug- 
gest that PSCA may be a promising molecular marker for 
the clinical prognosis of human Pea and a valuable target 
for diagnosis and therapy of this tumor. 
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Abstract 

Translation Initiation is regulated in response to 
nutrient avallabmty and mKogenJo stimulation and Is 
coupled with ceU cycle progression and cefl growth, 
Several alterations bi translaUgnal control occur in 
cancer. Variant m RNA sequences can alter the 
transiational efficiency of Irafividual mRNA molecules* 
which In turn play a role In cancer biology. Changes In 
the expression or availability of components of the 
translattonal machinery and in the activation of 
translation through signal transduction pathways can 
lead to more global changes, such as an Increase in 
the overall rate of protein synthesis and translattonal 
activation of the mRMA molecules Involved in cell 
growth and proliferation. We review the basic 
principles of transiational control, the alterations 
encountered In cancer, and selected therapies 
targeting translation Initiation to help elucidate new 
therapeutic avenues. 

Introduction 

The fundamental principle of molecular therapeutics In can- 
cer Is to exploit the differences In gene expression between 
cancer cells and normal cells. With the advent of cONA array 
technology, most efforts have concentrated on Identifying 
differences In gene expression at the level of mRNA, which 
can be attributable either to DNA amplification or to differ- 
ences In transcription. Gene expression is quite complicated, 
however, and Is also regulated at the level of mRNA stability, 
mRNA translation, and protein stability. ■ 

The power of transiational regulation has been best recog- 
nized among developmental biologists, because transcription 
does not occur In early embryogenesfe In eukaryotes. For ex- 
ample, In Xenopus, the period of transcriptional quiescence 
continues unffl the embryo reaches mldblastula transition, the 
4000-ceU staga Therefore, all necessary mRNA molecules are 
transcribed during oogenesis end stockpiled fn a translatJonally 
Inactive, masked form. The mRNA are transiationafly activated 
at appropriate times during oocyte maturation, fertilization, and 



early embryogenesfe and thus, are under strict translationa! 

■I i it. i 
control. 

Translation has an established role In ceil growth. Basi- 
cally, an Increase In protein synthesis occurs as a conse- 
quence of mitogenesi8. Until recently, however, little was 
known about the alterations In mRNA translation in cancer, 
and much is yet to be discovered about their role In the 
development and progression of cancer. Here we review the 
basic principles of transiational control, the alterations en- 
countered In cancer, and selected therapies targeting transla- 
te" Initiation to elucidate potential new therapeutic avenues. 

Basic Principles of Transiational Control 
Mechanism of Translation initiation 
Translation Initiation is the main step In transiational regulation. 
Translation Initiation is a complex process In whk* the inltiator 
tRNA and the 40$ and 60S ribosornai subunits are recruited to 
the 5' end of a mRNA molecule and assembled by eukaryotlc 
translation initiation factors Into an 80S rtbosome at the start 
codonof the mRNA (F& The 5' end of eukaryotlc mRNA Is 
capped, Le., contains the cap structure m 7 GpppN (/-methyl. 
guarK>sine^prK>sprK>^'Hlbo Most translation In 

eukaryotes occurs In a cap-dependent fashion, Aa, the cap Is 
specifically recognized by the elF4E, a which binds the 5' cap. 
The elF4F translation Initiation complex Is then formed by the 
assembly of eIF4E, the RNA helicase eIF4A, and elF4G, a 
scaffolding protein that mediates the binding of the 40S ribo- 
sornal subunJt to the mRNA molecule through Interaction with 
the eiF3 protein present on the 40S rfbosoma eIF4A and elF4B 
participate in melting the secorKlary structure cf the 5' UTO 
the mRNA. The 43S Initiation complex (40S/elF2/Met-tRNA/ 
QTP complex) scans the mRNA In a B'-*3 f dkection until It 
encounters an AUG start codon. This start codon Is then base- 
paired to the antlcodon of initiator tRNA, forming the 48S Initi- 
ation complex. The Initiation factors are then displaced from the 
48S complex, and the 60S ribosome Joins to form the 80S 
ribosome. 

Unlike most eukaryotlc translation, translation Initiation of 
certain mRNAs, such as the plcomavirus RNA, is cap Inde- 
pendent and occurs by internal ribosome entry. This mecha- 
nism does not require e!F4£ Either the 43S complex can bind 
the Initiation codon directly through Interaction with the IRES In 
the 5' UTR such as in the encephalc^ocarditis virus, or it can 
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Initially attach to the IRES and then reach the Initiation codon by 
scanning or transfer, as Is the case with the poliovirus (1). 

Regulation of Translation Initiation 
Translation Initiation tan be regulated by alterations In the 
expression or phosphorylation status of the various factors 
involved. Key components In translations regulation that 
may provide potential therapeutic targets follow. 

elF4E eJF4E plays a central role in translation regulation. 
It Is the least abundant of the Initiation factors and is con- 
sidered the rate-ilmfting component for Initiation of cap- 
dependent translation. eIF4E may also be Involved in mRNA 
splicing, mRNA 3' processing, and mRNA nucfeocytopfas- 
mic transport (£). elF4E expression can be Increased at the 
transcriptional level In response to serum or growth factors 
(3). elF4E overexpression may cause preferential translation 
of mRNAs containing excessive secondary structure in their 
5' UTR that are normally discriminated against by the trans- 



lations! machinery and thus are Inefficiently translated (4-7), 
As examples of this, overexpression of elF4E promotes In- 
creased translation of vascular endothelial growth factor, 
fibroblast growth fector-2, and cyciin D1 (2, 6, 9). 

Another mechanism of control Is the regulation of elF4E 
phosphorylation. e!F4E phosphoryiation Is mediated by the 
mftogen-activated protein Wrmse-lnteracting kinase 1, which 
Is activated by the mftogen-actlvated pathway activating 
extracellular signal-related kinases and the stress-activated 
pathway acting through p36 mitogen-actlvated protein ki- 
nase (10-13). Several mitogens, such as serum, platelet- 
derived growth factor, epidermal growth factor, Insulin, 
angiotensin II, sre kinase overexpression, and res over- 
expression, lead to elF4E phosphorylation (14). The phos- 
phorylation status of elF4E Is usually correlated with the 
translations] rate and growth status of the cell; however; 
elF4E phosphorylation has also been observed in response 
to some cellular stresses when translations! rates actually 
decrease (15). Thus, further study Is needed to understand 
the effects of eIF4E phosphorylation on eIF4E activity. 

Another mechanism of regulation Is the alteration of e)F4E= 
availability by the binding of elF4E to the elF4E-b!ndlng pro- 
teins (4E-BP, also known as PHAS-i). 4E-BPs compete with 
eiF4Q for a binding site In elF4E The binding of elF4E to tho 
best characterized elF4E«fclndIng protein, 4E-BP1, Is regu- 
lated by 4E-BP1 phosphorylation. Hypophosphoryiated 4E- 
BP1 binds to elF4E, whereas 4E-BP1 hyperprK>sphx)rylatIon 
decreases this binding. Insulin, angiotensin, epidermal 
growth factor, platelet-derived growth factor, hepatocyte 
growth factor, nerve growth factor. lnsu)In-llke growth factors 
I and II, InterteuWn 3, oranulocyte-macrophage colony-stim- 
ulating factor + steel factor, gastrin, and the adenovirus have 
all been reported to Induce phosphorylation of 4E-BP1 and 
to decrease the ability of 4E-BP1 to bind eIF4E (15, 10). 
Conversely, deprivation of nutrients or growth factors results 
In 4E-BP1 dephosphorylation, an increase in elF4E binding, 
and a decrease In cap-dependent translation. 

P70S6 Kinase. Phosphorylation of ribosomal 40S protein 
S6 by S6K Is thought to play an Important rde In translation^ 
regulation. S6K -A- mouse embryonic cells proliferate more 
slowly than do parental cells, demonstrating that S6K has a 
positive Influence on cell proliferation (1 7). S6K regulates the 
translation of a group of mRNAs possessing a 5' terminal 
oJfgcpyrimkfine tract (5' TOP) found at the 5' UTR of ribosomal 
protein mRNAs and other mRNAs coding for components of 
the translation^ machinery. Phosphorylation of S6K is regu- 
lated In part based on the avails 19) and Is 
stimulated by several growth factors, such as platelet-derived 
growth factor and fnsuIIn-JIke growth factor I £0). 

e!F2* Phosphorylation. The binding of the Initiator tRNA 
to the small ribosomal unit is mediated by translation Initia- 
tion factor eJF2. Phosphorylation of the a-subuntt of elF2 
prevents formation of the elF2/QTP/Met-tRNA complex and 
Inhibits global protein synthesis (21, 22). elF2a is phospho- 
rated under a variety of conditions, such as viral infection, 
nutrient deprivation, heme deprivation, and apoptosls (2?)! 
eTF2a is phosphor/fated by henmegulated Inhibitor, nutrient- 
regulated protein kinase, and the IFN-lnduced, double- 
stranded RNA-activated protein kinase (PKR; Ret 23). 



The mTOR Signaling Pathway. The macroBde antibiotic 
rapamydn (Slralimus; VYyeth-Ayerst Research, CoOegeville, 
PA) has been the subject of intensive study because it In- 
hibits signal transduction pathways involved in T-ceil activa- 
tion, Be rapamydrvsensltive component of these pathways 
is mTOR (also called FRAP or RAFT1). mTOR is the mam- 
malian homologue of the yeast TOR proteins that regulate G, 
progression and translation In response to nutrient availabil- 
ity (24). mTOR Is a serine-threonine kinase that modulates 
translation initiation by altering the phosphorylation status of 
4E-BP1 and S6K (Rg. 2; Ref. 25). 

4&BP1 is phosphorated on multiple residues. mTOR phos- 
phorylates the Thr-37 and Thr-46 residues of 4MP1 In vitro 
(26); however, phosphorylation at these sites ts not associated 
with a loss of elF4E binding. Phosphorylation of 71*37 and 
Thr-46 is required for subsequent phosphorylation at several 
COOHrtermlnal, serum-sensitive sites; a combination of these 
phosphorylation events appears to be needed to inhibit the 
binding of 4E-BP1 to eIRE (25). The product of the >WM gene,. 
P38/MSK1 pathway, and protein kinase O also play a role In 
4E-BP1 phosphorylation (27-29). 

S6K and 4E-BP1 are also regulated, [n part, by PI3K and its 
downstream protein kinase Akt PTCEN Is a phosphatase that 
negatively regulates PJ3K signaling. PTEN nuD cells have 
constitutfvely active of Akt, with increased S6K activity and 
SB phosphorylation (30), S6K activity Is Inhibited both by 
PI3K Inhibitors wortmannln and LY234002 and by mTOR 
Inhibitor rapamydn (24). Akt phosphoryiates Ser-2448 In 
mTOR In vitro, and this site Is phosphorylated upon Akt 
activation in vivo (31-33). Thus, mTOR Is regulated by the 
Pf3K/Akt pathway; however, this does riot appear to be the 
only mode of regulation of mTOR activity. Whether the PI3K 
pathway also regulates S6K and 4E-BP1 phosphorylation 
Independent of mTOR is controversial. 

Interestingly, mTOR autophosphoryiation Is blocked by wort- 
mannlnbm re* by rapamydn ^).Trfe 
suggests that mTOR-responsrve regulation of 4E-BP1 and S6K 
activity occurs through a mechanism other than Intrinsic mTOR 
Wnase activity. An alternate pathway for 4E-&P1 and S6K phos- 
phorylation by mTOR activity Is by the inhibition of a phospha- 
tase. Treatment with caiyculln A, an Inhibitor of phosphatases 1 
and 2A, reduces rapamycin-lnduced dephosphorylatfon of 4E- 
BP1 and S6K by rapamydn (35). PP2A Interacts with full-length 
S6K but not with a S6K mutant that is resistant to dephospho- 
rylation resulting from rapamydn. mTOR phosphoryiates PP2A 
in vitro; however, how this process afters PP2A activity is not 
known. These results are consistent with the model that phos- 
phorylation of a phosphatase by mTOR prevents dephospho- 
rylation of 4E-BP1 and S6K, and conversely, that nutrient dep- 
rivation and rapamydn block inhibition of the phosphatase by 
mTOR. 

Poryadenyfation. The pofy(A) tall In eukaryotlc mRNA Is 
Important in enhancing translation Initiation and mRNA sta- 
bility. Poiyadenylation plays a key role In regulating gene 
expression during oogenesis and early embryogenesls. 
Some mRNA that are translattonally inactive In the oocyte are 
polyadenylated concomitantly with translational activation In 
oocyte maturation, whereas other mRNAs that are trartsla- 
tlonally active during oogenesis are deadenytated and trans- 
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latlonally silenced (38-38). Thus, control of poly (A) tail syn- 
thesis Is an important regulatory step In gene expression. 
The5'caparripoly(A)taflarethoupJtf^ synergls- 
ticalfy to regulate mRNA translational efficiency (39, 40). 

RNA Packaging. Most RNA-blnding proteins are assem- 
bled on a transcript at the time of transcription, thus deter- 
mining the translational fete of the transcript (41). A highly 
conserved family of Y-box proteins Is found In cytoplasmic 
messenger ribonucleoproteln particles, where the proteins 
are thought to play a role In restricting the recruitment of 
mRNA to the translational machinery (41-43). The major 
mRNA-assoclated protein, YB-1 , destabilizes the Interaction 
of elF4E and the 5' mRNA cap fn vitro, and overexpresslon of 
YB-1 results In translational repression in vtvo (44). Thus, 
alterations In RNA packaging can also play an Important role 
In translational regulation. 

Translation Alterations Encountered in Cancer 

Three main alterations at the translational level occur In cancer 
variations In mRNA sequences that increase or decrease trans- 
lational efficiency, changes In the expression or availability of 
components of the translational machinery, and activation of 
translation through aberrantly activated signal transduction 
pathways. The first alteration affects the translation of an tndl- 
vidual mRNA that may play a role in carcinogenesis. The sec- 
ond and third alterations can lead to more global changes, such 
as an Increase in theoveraH rate of protein synthesis, and the 
translational activation of several mRNA species. 

Variations In mRNA Sequence 
Variations In mRNA sequence affect the translational effc 
ciency of the transcript A brief description of these variations 
and examples of each mechanism follow. 

Mutations. Mutations in the mRNA sequence, especially 
In the 5' UTR, can alter its translational efficiency, as seen In 
the following examples. 
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omyc Safto et a/, proposed that translation of lull-length 
omyc Is repressed, whereas In several. BurWtt lymphomas 
that have deletions of the mRNA 5' UTR, translation ofomyc 
lsmoBefflctent(46). MorB recently, It was reported that the 
5' UTH of omyc contains an IRES, and thus c-myc transla- 
tion can be initiated by a cap-Independent as wefl as a 
cap-dependent mechanism (46, 47). In patients with multiple 
myeloma, a C-*T mutation In the omyc IRES was Identified 
(48) and found to cause an enhanced Initiation of translation 
via Internal ribosomal entry (49). 

BRQA1. A somatic point mutation (117 G-*C) In position 
-3 with respect to the start codon of the BROA1 gene was 
Identified In a highly aggressive sporadic breast cancer (50). 
Chimeric constructs consisting of the wild-type or mutated 
BRCA1 5' U1R and a downstream luclferase reporter demr 
onstratedadeareaseinto 
UTR mutation, 

CycBn-dependent Kinase Inhibitor 2A. Some Inherited 
melanoma kindreds have a G-VT transverslon at base -34 
of cycttn-dependent kinase lnhibJtor-2A, which encodes a 
cyclln-dependent kinase 4/cyclln-dependent kinase 6 kinase 
Inhibitor Important In G 1 checkpoint regulation (51). This 
mutatk>n t .glves rise to a novel AUG translation Initiation 
codon, creating an upstream open reading frame that com- 
petes for scanning rfbosomes and decreases translation 
from the wild-type AUG. 

Alternate SpHcfng and Alternate Transcription Start 
Sites. Alterations In splicing and alternate transcription sites 
; can lead to variations in 5' UTR sequence, length, and second- 
ary structure, ultimately Impacting translations! efficiency* 

ATM. The ATM gene has four noncoding exons In its 5' 
UTR that undergo extensive alternative splicing (52). The 
contents of 12 different 5' UTRs that show considerable 
diversity In length and sequence have been Identified. These 
divergent 5* leader sequences play an important role In the 
translations! regulation of the ATM gene. 

mdm. in a subset of tumors, overexpresslon of the onco- 
protein mdm2 results In enhanced translation of the mdm2 
mRNA. Use of different promoters leads to two mdm2 tran- 
scripts that differ only In their 5' leaders (53). The longer 5' 
UTR contains two upstream open reading frames, and this 
mRNA is loaded with ribosomes inefficiently compared with 
the short 5' UTR. 

BRCA1. in a normal mammary gland, BROA1 mRNA Is 
expressed with a shorter leader sequence (5'UTRa), whereas 
in sporadic breast cancer tissue, BRCA1 mRNA Is expressed 
with a longer leader sequence (5' UTRb); the translationa! 
efficiency of transcripts containing 5' UTRb is 10 times lower 
than that of transcripts containing 5' UTRa (54). 

TGF-03. TGF-03 mRNA includes a 1.1 -kb 5' UTR, which 
exerts an inhibitory effect on translation. Many human breast 
cancer cefl fines contain a novel 7T3F^03 transcript with a 5' 
UTR that Is 870 nucleotides shorter and has a 7-fold greater 
translations! efficiency than the normal 7T3F-03 mRNA (55). 

Alternate Polyadenylation Sites. Multiple polyadenyl- 
atlon signals leading to the generation of several transcripts 
with differing 3' UTR have been described for several mRNA 
species, such as the RET proto-oncogene (56), ATM gene 
(52), tissue Inhibitor qf metalloprotelnases-3 (57), RHOA 



proto-oncogene (58), and calmodulin ?59). Although tho 
effect of these alternate 3' UTRs on translation Is not yat 
taiown, they may be Important In RNA-protein interactions 
that affect translations! recruitment The role of these alter- 
ations In cancer development and progression Is unknown. 

Alterations In the Components of the 
Translation Machinery 

Alterations In the components of translation machinery can 
take many forms. 

Overexpresssion of eiF4E Overexpresslon of elF4E 
causes malignant transformation In rodent cells (60) and the 
deregulation of HeLa ceil growth (61). Pohmovsky et ai (62) 
found that eIRE overexpresslon substitutes for serum and 
Individual growth factors In preserving viability of fibroblasts, 
which suggests that elF4E can mediate both proliferative and 
survival signaling. 

Bevated levels of elF4E mRNA have been found in a broad 
spectrum of transformed cefl lines (63). e!F4E levels am 
elevated In all ductal carcinoma in sftu specimens and Inva- 
sive ductal carcinomas, compared with benign breast spec- 
imens evaluated with Western blot analysis (64, 65). Prelim- 
inary studies suggest that this overexpresslon Is attributable 
to gene amplification (66). 

TTiere are accumulating data suggesting thatefF4Eovere>c- 
pression can be valuable as a prognostic marker. eIF4E over- 
expression was found In a retnwpectivestudytobeamaikerof 
poor prognosis In stages I to 111 breast ««^norm (67). Verifica- 
tion of the prognostic value of elF4E in breast cancer Is now 
under way In a prospective trial (67). However, m a different 
study, elF4E expression was correlated with the aggressive 
behavior of norvHodgWn's lymphomas (68). In a prospective 
analysis of patients with head and neck cancer, elevated levels 
of eIRE in histologically tumor-free surgical margins predicted 
a significantly Increased risk of local-regtonal recurrence (9). 
These results aO suggest that e!F4E overexpresslon can be 
used to select patients who might benefit from more aggressive 
Systemte therapy. Fia^^ 

suggest that eIF4E overexpresslon Is a field defect and can be 
used to guide local therapy. 

Alterations in Other Initiation Factors. Alterations In a 
number of other Initiation factors have been associated with 
cancer. Overproduction of elF4Q, similar to elF4E, leads to 
malignant transformation In vitro (69). elF-2a Is found in 
increased levels In bronchloloalveolar carcinomas of the lung 
(3). Initiation factor eIF-4A1 Is overexpressed In melanoma 
(70) and hepatocellular carcinoma (71). The p40 subunlt of 
translation initiation factor 3 Is amplified and overexpressed 
In breast and prostate cancer (72), and the elF3-p1 1 0 subunlt 
Is overexpressed In testicular seminoma (73). The role that 
overexpresslon of these Initiation factors plays on the devel- 
opment and progression of cancer, If any, Is not known. 

Overexpresslon of S6K. S6K is amplified and highly 
overexpressed In the MCF7 breast cancer cell line, com- 
pared with normal mammary epithelium (74). In a study by 
Bariund ef a!. (74), S6K was amplified In 59 of 668 primary 
breast tumors, and a statistically significant association was 
observed between amplification and poor prognosis. 



Overaxpresslon o! PAP. PAP catalyzes 3' poty(A) syn- 
thesis. PAP te overexpressed in human cancer cells com- 
Pared with normal and virally transformed cells (75). PAP 
enzymatic activity In breast tumors has been correlated with 
PAP protein levels (76) and, In mammary tumor cytosols, was 
found to be an Independent factor for predicting survival (76). 
Uttie Is known, however, about how PAP expression or ac- 
tivity affects the translations profile. 

Alterations In RNA-bindlng Proteins. Even less Is known 
about alterations In RNA packaging In cancer. Increased ex- 
pression and nuclear localization of the RNA-bincDng protein 
YB-1 are bxficstors of a poor prognosis for breast cancer (77), 
non-emafl ceB lung cancer (78), and ovarian cancer (79). How- 
ever, this effect may be mediated at least In part at the level of 
transcription, because YB-1 Increases chemorestetance by en- 
handngthetransoiptionofamunklri^ 



Activation of Signal Transduction Pathways 
Activation of signal transduction pathways by loss of tumor 
suppressor genes or overexpresslon of certain tyrosine kinases 
can contribute to the growth and aggressiveness of tumors. An 
lmportan^.mutant In human cancers Is the tumor suppressor 
genePTOV, which leads to the activation of the PI3K/Akt path- 
way. Activation of PI3K and Akt Induces the oncogenic trans- 
formation of chicken embryo fibroblasts. The transferor cdls 
show constitutive phosphor^^ ^ 
A mutant Akt that retains kinase activity but does not phos- 
phorytate iS6K or 4E-BP1 does not transform fibroblasts, which 
suggests a correlation between the oncogenicity of PI3K and 
Akt and the phosphorylation of S6K and4E-BP1 (81). 

Several tyrosine kinases such as platelet-derived growth 
factor, InsulMke growth factor, HER2/neu, and epidermal 
growth factor receptor are overexpressed in cancer. Be- 
cause these kinases activate downstream signal transduc- 
tion pathways known to alter translation initiation, activation 
of translation is likely to contribute to the growth and aggres- 
siveness of these tumors. Furthermore, the mRNA for many 
of these kinases themselves are under translation^ control. 
For example. HER2/neu mRNA Is translationally controlled 
both by a short upstream open reading frame that represses 
HER2fneu translation In a cell type-Independent manner and 
by a distinct cell type-dependent mechanism that Increases 
translatlona! efficiency (82). HER2/neu translation Is different 
in transformed and normal cells. Thus, it Is possible that 
alterations at the translations! level can In part account for 
the discrepancy between HER2/neu gene amplification de- 
tected by fluorescence In Shu hybridization and protein levels 
detected by Immunohlstochemlcal assays. 



Translation Targets of Selected Cancer Therapy 
Components of the translation machinery and signal path- 
ways involved in the activation of translation initiation repre- 
sent good targets for cancer therapy. 

Targeting the mTOR Signaling Pathway: Rapamycln 
and Tumstattn 

Rapamycln Inhibits the proliferation of lymphocytes. It was 
Initially developed as an immunosuppressive drug for organ 



transplantation. Rapamycln with FKBP 12 (FK506-bindIng 
protein, M r 12,000) binds to mTOR to inhibit Its fonction. 

Rapamycln causes a small but significant reduction In the 
Initiation rate of protein synthesis (83). It blocks cell growth In 
pari by blocking S8 phosphorylation and selectively ^im- 
pressing the translation of 5 r TOP mRNAs, such as rlbosomal 
proteins, and elongation factors (83-85). Rapamycln also 
blocks 46-BP1 phosphorylation and Inhibits cap-dependant 
but not cap-independent translation (1 7, 86). 

The rapamydn-eensWve signal transduction pathway, acti- 
vated during malignant transformation and cancer progression. 
Is now being studied as a target for carx>er therapy (87), Pros- 
tate, breast smaS cell lung, gBoWastoma, meianoma, and T-ceU 
leukemia are among the cancer Ones most sensitive to the 
. rapamycln analogue CCI-779 (Wyeth^yerst Research; Refv 
87).fnrhaMomycosaroom^ 

static or cytoddai, depending on the p53 status of the ceftp53 
wDd-type cells treated with rapamycln arrest tn the G, phase 
and maintain their, vlab&jty, whereas p53 mutant oefeaccunnu- 
latelnG, and undergo apoptosis (88, 89). in a recently reported 
study using human primitive neuroectodermal tumor and 
meduHotrfastoma models, rapamycln exhibited more cytotox- 
icity In combination with ctepJatin and camptothedn than as a 
single agent In vfoo, CCI-779 delayed growth of xenografts fcy 
1 60% after 1 week of therapy and 240% after 2 weeks. A single 
high-dose administration caused a 37% decrease in tumor 
volume. Growth Inhibition In vivo was 1.3 times greater, with 
cispla^lncomblnat^ atone 

(90) . Thus, precervical studies suggest that rapamydn ana- 
logues are useful as single agents and In combination with 
cnemoinerapy. 

Rapamycln analogues CCI-779 and RAD001 (Novartls, 
Basel, Switzerland) are now In cilnlcaJ trials. Because of the 
known effect of rapamycln on lymphocyte proliferation, a 
potential problem with rapamycln analogues is Immunosup- 
pression. However, although prolonged Immunosuppression 
can result from rapamydn and CCI-779 administered on 
continuous-dose schedules, the immunosuppressive effects 
of rapamycln analogues resolve In -24 h after therapy 

(91) . The prindpal toxicities of CCI-779 have Included der- 
matologlcal toxicity, myelosupprasslon, infection, mucositis, 
diarrhea, reversible elevations In liver function tests, hyper- 
glycemia, hypokalemia, hypocalcemia, and depression (87, 
92-94). Phase II trials of CCI-779 have been conducted In 
advanced renal cell carcinoma and In stage Ifl/lV breast 
carcinoma patients who felted with prior chemotherapy, in 
the results reported In abstract form, although there were no 
complete responses, partial responses were documented In 
both renal cell carcinoma and In breast carcinoma (94, 95). 
Thus, CCI-779 has documented preliminary clinical activity fn 
a previously treated, unselected patient population- 
Active Investigation Is under way into patient selection for 

mTOR Inhibitors. Several studies have found an enhanced 
efficacy of CCI-779 In PTEN-null tumors (30, 96). Another 
study found that six of eight breast cancer cell lines were 
responsive to CCI-779, although only two of these lines 
lacked PTEN (97) There was, however, a positive correlation 
between Akt activation and CCI-779 sensitivity (97). This 
correlation suggests that activation of the P»3K-Akt pathway, 




nag artless of whether it Is attributable to a PTEN mutation or 
to ovenexpresslon of receptor tyrosine kinases, makes can- 
cer cell amenable to mTOR-dlrected therapy. In contrast, 
lower levels of the target of mTOR, 4E-BP1, are associated 
with rapamycto resistance; thus, a lower 4E-BP1/eIF4E ratio 
may predict rapamycf n resistance (98). 

Another mode of activity for rapamycln and Hs analogues 
appeara to be through Inhibition of angtogenesls. TWs activ- 
ity may be both through direct Inhibition of endothelial cefl 
proliferation as a result of mTOR Inhibition In these cells or by 
Inhibition of translation of such proanglogenlc factors as 
vascular endothelial growth factor In tumor cells (99, 100). 

The angtogenesls Inhibitor tumstatln, another anticancer 
drug currently under study, was also found recently to Inhibit 
translation In endothelial ceDs (101). Through a requisite In- 
teraction with Integrin, tumstatln Inhibits activation of the 
PJ3K/AW pathway and mTOR In endothelial cells and pre- 
vents dissociation of elF4E from 4E-BP1, thereby Inhibiting 
cap-dependent translation. These findings suggest that en- 
dothelial cells are especially sensitive to therapies targeting 
the mTOR-eJgnallng pathway. 



TargetMg effi2ar EPA, Clotrimazole, /mfe-7, 
and Flavonokis 

EPA Is an n-3 polyunsaturated fatty acid found In the fish- 
based diets of populations having a low Incidence of cancer 
(102}. EPA Inhibits the proliferation of cancer cells (103) r as 
well as in animal models (104, 105). It blocks cell division by 
inhibiting translation initiation (105). EPA releases Ca 2+ from 
Intracellular stores while Inhibiting their refining, thereby ac- 
tivating PKR. PKR, in turn phosphorylates and Inhibits e!F2o, 
resulting In the Inhibition of protein synthesis at the level of 
translation Initiation. Similarly, clotrimazole, a potent antipro- 
liferative agent in vitro and In vivo, Inhibits cell growth through 
depletion of Ca 2 + stores, activation of PKR, and phospho- 
rylation of e!F2a (106). Consequently, clotrimazole preferen- 
tially decreases the expression of cycllns A, E, and D1, 
resulting In blockage of the cefl cycle In Q v 

mda-7 Is a novel tumor suppressor gene being developed 
as a gene therapy agent Adenoviral* transfer of mda-7 (Ad- 
mda7) Induces apoptosis In many cancer cells Including 
breast, colorectal, and lung cancer (1 07-1 09). Ad-mda7 also 
induces and activates PKR, which leads to phosphorylation 
of elF2a and Induction of apoptosis (110). 

Flavonokte such as genlsteln and quercetin suppress tu- 
mor cefl growth. All three mammalian elF2a kinases, PKR, 
heme-regulated Inhibitor, and PERK/PEK, are activated by 
flavonoids, with phosphorylation of elF2a and Inhibition of 
protein synthesis (111). 



Targeting e!F4A and e/F4Er Antisense RNA 
and Peptides 

Antisense expression of e!F4A decreases the proliferation rate 
of melanoma cells (112). Sequestration of elF4E by overexpres- 
sfon of 4E-BP1 is proapoptotic and decreases tumortgenldty 
(1 13, 114). Reduction of elF4E with antisense RNA decreases 
soft agar growth, Increases tumor latency, and Increases the 
rates of tumor doubling times (7). Antisense elF4E RNA treat- 



ment also reduces the expression of angiogenic fectora (115) 
and has been proposed asapolemialacflijvairtthefapyfbrheacl 
and neck cancer partfcuterty when devat^ e)RE is found in 
surgical nrai^Srn^ 

4E-BP1 -binding domain of e!F4E are proapoptotic (116) and 
are also being actively pursued. 



Exploiting Selective Translation for Gene Therapy 
A different therapeutic approach that takes advantage of th© 
enhanced cap-dependent translation In cancer cells b the use 
of gene therapy vectors encoding suicide genes with highly 
structured 5' UTR These mJWAv^^ 
dlsad\rarrtageIniK>rmal^ 
carK^ceiis, they wouW trara^ 
thefntroduxrtfcxioftheS'UTRtf 

the coding sequence of hopes simplex )^ typa*1 tfrymkSno 
kinase gene, allows for selective im^^yx of herpes slmpleoc 
virus type-1 thymidine kinase gene In breast cancer ceQ Ones 
compared with normal mammary cell lines and results In se- 
lectee sensitMty to garK)tekArfr (11 7). 



Toward the Future 

Translation Is a crudal process In every celL However, several 
alterations In translat! onal control occur In cancer. Cancer cells 
appear to need an aberrantly activated translations! stale for 
survival, thus allowing the targeting of translate 
surprisingly low toxicity. Components of the translationai ma- 
chinery, such as elF4E, and signal transduction pathways in- 
volved fn translation Initiation, such mTOR, represent pronging 
targets for carK»r therapy. Inhibitors of the mTOR have already 
shown some preliminary activity In clinical trials. It is possible 
that with the development of better predictive markers and 
better patient selection, response rates to single-agent therapy 
can be Improved. Similar to other cytostatic agents, however, 
mTOR Inhibitors are most Bkely to achieve clinical utlHy In 
combination therapy. In the Interim, our Increasing understand- 
ing of translation Initiation and signal transduction pathways 
promise to lead to the Identification of new therapeutic taigets 
In the near future. 



Acknowledgments 

We thank Gayte Nesom from The University of Taxaa M. D. Anderson 
Cancer Center Department of Scientific Publications for editorial assist- 
ance and Dr. Omar Bemstam for assistance wtth manuscript preparation. 



References 

1. Pestova.T. V., Kolupaeva, V. a, LomaWn, L B„ PSJpenta, E V., Shatsky 
I N., Agol, V. f., and Heften, a U Motecuter mechanisms of translation' 
taxation In eukaryotes. Proa NaU Acad. ScL USA, 98: 7029-7036, 2001. 

2. Rosen waid, I. B-, Kaspar, a, Rousseau, D„ Qehrke, U Lebouteh, P 
Chen, J. J., Schmidt E. V., Sonenberg, N,, and London, I. M. Eutoryotfc 
iransiatfon hWatton factor 4E regutates expression of cycOn D1 at tran- 
scriptional and poat-transcrfpMonal levels. J. Biol. Cham., 270: 21176- 
21180, 1885. 

3. Rosenwald, I B„ Hutder, M. J.. Wang, S., Saves, L. and PraJre, A. E. 
Expression of eukaiyotfc translation Initiation factors 4£ and 2a bin* 
creased frequently In bronchloloatveolar but not In squamous cell carci- 
nomas of the lung. Cancer (PhBa.), 92: 2164-2171, 2001. 



In vtoo translation of mouse cwnyc transcripts differing to the 5' untrans^ 
feted region. Proc Nati. Acad. Sci USA, 82: 2315-5319. 1985. 

5. Kozak, M. Influences* of mRNA secondary structure on WttaUon by 
euxaryotJc rfoosomea. Proc Natl Acad. 8cL USA, 63; 2850-4854, 1988. 

6. KoromUas, A. E* Uuxrts-Karatzas, A., and Sooenberg, M mRNAs 
containing extensive secondary structure in their 5' run-coding region 
translate efficiently In ceaa ovofsxpressing initiation factor elF4E. EMBO 
J* J7;4153-4158,1992L 

7. Rlrto-Sch*rfrer, C. W, Graff, J. R, De Benedetto A., Zrmmer, S. QVand 
Rhoacs, R E. Decreasing the level of translation initiation factor 46 with 
antisense RNA causes reversal of rae-medfeted transformation and tumori- 
genesfeof cloned rat embryo fibroblasts. Int J. Cancer. 55:841-847, 1993. 

8. Kev3, C. a, De Benedetti. A, Payne. D. IC. Cbe. L L, Laroux, F. S., 
and Alexander. J. S. Trejtslationai regulation of vascular permeabfifty 
factor by eukaryoac Initiation factor 4& Implications for tumor angtegen- 
esis. Int J. Cancer, $$: 785-790, 1998. 

a Nathan. C. A, Franklin, Abreo, F. W.. Nassar. R. Oe Benedetti, A., 
and Glass. J. Analysis of surglcaJ margins with the molecular marker 
elF4E: a prognostic factor In patients with head and neck cancer. J. Ctln. 
Oncol, 17; 2909-2914. 1999. 

10. Futamaga. R, end Hunter, T. MNK1, a new MAP Wnase-actfvated 
protein kinase, Isolated by a novel expression screening method tor 
Identifying protein kinase substrates. EMBO J., 16: 1921-1933, 1997. 

11. WasJdewfcz, A. J., Frynn, A., Proud, C. G., and Cooper, J. A. Mitogen- 
activated protein kinases activate the serine/threonine kmases Mnk1 and 
Mnk2. EMBO J, 16: 1909-1920, 1997. 

12. Wang, X, Hynn, A. Wasloewlcz, A J„ Webb. B. L. VHes. R a. 
Balnes, I A, Cooper, J. A, and Proud, C Q. The prKwprwryMon off 
eufcaryotio Initiation factor elF4E In response to phorbol esters, cell 
stresses, and cytokines Is mediated by oTsunct MAP kinase pathways. 
J. Biol. Chem., 273: 9373-9377, 1998. 

13. Pyronnet, S ? Imateka, H., GIngras, A C.. Fukunaga, R, Hunter, T„ 
and Sonenbarg, N. Human eukaryotic translation Initiation factor 4Q 
(eU^iecruteMnkltophos 

14. Wefti, M^Scheper, Q. O, Voorma, H. 0„ arKfThomas, A A Regulation 
of translate Wttato 

531-644, 1999, 

15. Raught, B., and GIngras, A C. elF4E activity b regulated at multiple 
levels. Int J. Blochem. Cell BioL, 31: 43-57, 1 999. 

16. Takeuchl, rt, Shlbamoto. $., Nagamlne, IC, Shlgemorl, I., Omura. S„ 
KHamura, N., and tto, F. Signaling pathways leading to transcription and 
translation cooperatively regulate the transient Increase In expression of 
c-Fos protem. J. BloL Chem.. 276V 26077-26083. 2001. 

17. Kawasome. H., Papst P., Webb, S' Keller, a M., Johnson, a L. 
Gelmnd. E. W., and Terada, N. Targeted disruption of p70(s6k) defines fts 
role In protein synthesis and rapamycln sensitivity. Proc. Natl Acad Scl 
USA, 9& 5033-5038, 1998. 

18. Christie, a R, Hajduch, E.. Hundal, H. S., Proud, C. a. and Taylor, 
P. M. Intracellular sensing of amino acids In Xenopus laevts oocytes 
stimulates p70 S8 kinase In a target of rapamycln-dependent manner, 
d. Biol. Chem., 277; 9952-0957, 2002. 

18. Hara, K, Yonezawa, K., Weng, Q. P., KoztowsW, M. T„ Betbam, C and 
Avnicb, J. Amino acid sufficiency and mTOR regulate p70 S6 kinase and 
eJF^C BP1 through a common effector mechanism. J. BloL Chem. 273; 
14484-14494,1998. 

20. Graves, L M., Bomfeldt, K. E., Argast, a M., Krebs. E. a, Kong, X., 
Un, T. A, and Lawrence, J. O, Jr. ©AMP- and rapajnycln-sensftive reg- 
ulation of the association of eukaryotic initiation factor 4E and the trane- 
tatlona! regulator PHAS-f in aortic smooth muscle cetta Proc* Natl Acad 
Scl USA. 9Z 7222-7226, 1995. 

21. Merrick, W. C, and Hershey, J. W. B. The pathway and mechanism of 
eukaryotic protein synthesis, in: J. W. B. Hershey and M. B. Mathews 
(eds.). Translattonal Control, pp. 31-69. Cold Spring Harbor. NY: Cold 
Spring Harbor Uboratory. 1996. 

22. Wmbafl. S. R Eukaryotlo Initiation factor eIF2. Int J. Blochem. Cell 
Biol, Sf; Z5r2Q, 1999. 

23. Jagus, R. Joshl, B., and Barber, G. H. PKR, apo ptosis and cancer 
Int J. Blochem. Cell Blol, S1: 123-138, 1989. 



24. TtKHnas.a.andHajLM.R 

Cum. Opm. CeD Blol, St 782-787, 1997. 

25. Ghgras,AC..R8iigh^ Regulation of transla- 
tion Initiation by FRAP/mTOR Genes Dev., 16: 807-828, 2001. 

28. Gtop/aa 1 AO,GypA8.P. l Raup^ 

R Hoekstra, M. F., AebersoW, R, and Sonenberg, N. Regulation of 
4E-BP1 phosphorylation: a novel two-step mechanism. Genes Dev., 
1422-1437,1999. 

27. Kumar, V., Pandey. P^ SabatH D, Kumar, Majumdar, P. 
Bharti, A, Cermxitael Kule^ 

batwean RAFTiyFRAPAnTOR and protein kinase C8 In the regulation of 
cap-o^pendert Initiation of translation. EMBO J., 19: 1087-1097, 2000. 

28. Yang, D. Q., and Kastan, M. R Participation of ATM In Insulin slgnal- 
fing through prK»phoryiation of elF^E-blndlng protem 1. Nat CeD. Blol. 
2; 693-898, 2000. 

29. Uu. O, Zhang, Y^ Bode, A M., Ma, W. Y. and Dong, Z. Phospho- 
rylation of 4E-BP1 Is medjated by the p38/MSK1 pathway bi response to 
UVB irradiation. J. BloL Chem.. 277; 8810-8816. 2002. 

3a Neshat M. &. MeHInghoff, I. K. Tran, a, StCes. B., Thomas, Q.. 
Petersen, R, Frost, P., Gtobons, J. J, Wu, H.. and Sawyers, C. L En- 
hanced sensitivity of PTErfdefldent tumors to Inhibition of FRAP/mTOR. 
Proc Nati. Acad Sd USA. 98: 10314-10319, 2001. 

31. SekuHc, A. Hudson, C. C, Homme. J. U Ybi, Ottemess, D. M., 
Kamhz, L M, and Abraham, R T. A direct linkage between the phosphoi- 
nosftxJe 3-Mnase-AKT sjgnafing pathway a^trwmanmiaDBn target of tapa- 
mydn In mitogen-stimuiated and transformed cells, Cancer Res^ 6Qr 
3513,2000. 

32. Scott, P. H., and Lawrence, J. C-, Jr. Attenuation of mammalian target 
of rapajnycin activity by Increased cAMP In 3T3-L1 adipocytes, J. BioL 
Chem., 273: 34496V34501, 1998. 

33. Reynolds, I. T., Boc&ne, 8. C, end Lawrence, J. C, Jr. Control of 
Ser2448 phosphorylation in the mammalian target of rapamycln by insulin 
and skeletal muscle load. J. BioL Chem., 277; 17657-17662. 2002. 

34. Peterson, R t, BeaJ, p. A, Comb. M. J., and SchreJber, S. t_ 
FrQ3P12-rapamycln^soc{ated protein (FRAP) autophosphorytates at 
serine 2481 under translatlonally repressive conditions. J. Biol Chem., 
275:7416-7423,2000. 

35. Peterson. R T„ Desal, B. N., Hardwick. J. S.. and Schrelber, S. L. 
Protem phosphatase 2A Interacts with the 70-kDa S8 ktmise mid Is acti- 
vated by inhibition of Fr03P12-rapamydn-assoclated protebi. Proc Natl 
Acad. Sd. USA 9& 4438-4442, 1999. 

38. McGrew. L U. Dworkln-f^ti, E^ Dworkln, M. B., and Rlchter, J. D. 
PoJy(A) elongation during Xenopus oocyte maturation Is required for trans- 
lattonal recruitment and is mediated by a short sec-uence element Genes 
Dev„ 31*803-815,1989. 

37. Sheets, M. D., Wu, M., and Wtokens, M. Poryadenytatlon of c-mos 
mRNA as a control point in Xenopus melotic maturation. Nature {Lend ) 
374: 511-616, 1995. U 

38. Varnum. S. M., and Wormlngton, W. M. DeadenylaUon of maternal 
mRNAs during Xenoous oocyte maturation does not require speomc 
cfe-sequences: a defaurt mechanism tor translational control. Genes Dev 
4: 2278-2286. 1990. 

39. Gallle, D. R. The cap and pory(A) taD function aynerglsticaDy to regu- 
late mRNA translational eflteiency. Genes Dev^ 6: 2108-2116, 1991. 

40. Sachs, AB.,aitf Vararu\a&ikaryofo 

(at least) two sides to every story. Nat Struct BioL, 7: 356-361, 2000. 

41. Wolffe, A P^ and Merle, F. Coupling transcription to translation: a 
novel she tor the regulation of eukaryotic gene expression. Int J. Blo- 
chem. Ceil Biol., 2& 247-257. 1998. 

42. Evdoktaova, V. M., Wei, C. L, Shikov, A S. Simonenko, P. N., 
Lazarev, 0. A, Vasflenko, K. S. Ustinov. V. A. Hershey. J. W. and 
Ovchlnnlkov. L P. The major protein of messenger ribonucieoproteh 
particles bi somatic oeDs to a member of the Y-box Wnding traru»ription 
factor family. J. Blol Chem., 2710: 3188-3192, 1995. 

43. Matsumoto, K, Menc, F.. and Wolffe, A P. Translational repression 
dependent on the Interaction of the Xenopus Y-box protein FRGY2 with 
mRNA Role of the cold shock domain, tail domain, and selective RNA 
sequence recognition. J. Biol Chem,, 271: 22708-22712. 1998. 



TrtrafciJon Initiation h Cancer 



44, EvdoWmova, V., Ruzanov, P., Imataka, H„ Raught B. r Svitxtn, Y., 
OvcWn nQoov. L P.. and Sonenborg, N. The major iriRNA-es&ocJated pro- 
tein YB-1 fa a potent 6' cap-dependent mRNA stablRzer. EMBO J., 20: 
8491-0502,2001. 

45. Saito, K, Heyday, A. C, Wlman, K., HaywanJ, W. and Tonegawa, 
S.Actnyatx>nofthec-nrn^^ 

control Proa Nati. Acad Set USA, 80: 7476-7480, 1883. 
4& Nanbru, C tafbn, L, AudSgter, S^ Gertsac, M. (X, Vagner, Huez, G* 
find ftate, A. C. Alternative translation of the proto-oncogene c-myc by an 
Interna! nbcsome entry sfta J. BtoL Chem, 272: 32061-32066, 1897. 

47. Stonefey, M„ PauDn, F. E, Le Quesne, J. P., Chappell, a and 
wins, A E c-Myc 5* untranslated region contains an Internal ribosoma 
entry segment Oncogene, J fir 423-428, 1998. 

48. PauQn,F.E,WestM.J.,Su&a^ 

WHKa, A E Aberrant transtational control of the o-myc gene In multiple 
rayeJon^Orxxjoeoe, 13: 506-513, 1996. ' 

49. ChappeO, & A^ LeQuesne, J. P., Pauun. F. E, de Scnooimeester, 
M.L,Stor>eley,Kt t Soirtar,aURaJston,aH M Hett^ 

A E A mutation In the o-myo-IRES leads to enhanced mJerruti n^osome 
entry In muWpla myeloma: a novel mechanism of oncogene de-regulation. 
Oncogene, 79: 4437-4440, 2000, 

50. Signed. E, Bagnl, C., Papa, S., Prlmerano, a, Rfnakfi, M., Amaldl, F., 
and Fazio. V.M. A. A somatic mutation b the 5UTR of BRCA1 gene In 
sporadic breast cancer causes dovm-modulatlon of translation efficiency. 
Oncogene, 20: 4596-4600, 2001. 

51 . Uu, L, Wworth, D„ Gao, L, Monzon, J., Summers, A, Ussam, M, and 
Hogg, a Mutation of the COKN2A 5' UTR creates an abenant taxation 
codon and precSsposes to melanoma. Nat Genet, 21: 126-132, 199a 

62. Savftaly.lC, Ptetier, M-lfcfelT., Gllad, a, SarteL A^ Roserdhat A.. 
Bray-Stem, O., ShHoh, Y., and Rotman.'a Ataxfa-ta^anglectasJa: struc- 
tural diversity of untranslated sequences suggests complex post-tren- 
scrlptional regulation of ATM gene expression. Nucleic Acids Res., 25: 
1678-1684, 1997. 

63. Brown, C Y., MIze, G. J., Pineda, M., George, 0. L, and Morris. D; a 
Role of two upstream open reading frames In the translations! control of 
oncogene mdm2. Oncogene, fa* 5631-6637, 1999. 

54. Sobczak, IC, and Kncyzoslak, W. J. Structural determinants of BRCA1 
translatlonaT regulation. J. Biol. Cham., 277: 17349-17358, 2002. 
65. Amck, B. Grendell, R L, and Griffin, L A. Enhanced translations! 
efficiency of a novel transferring gtxs^ factor p3mRNA In human breast 
cancer cells. Mot Celt Blot. 14: 61 9-628, 1994. 
56. Myers, a tM., Eng, C. Ponder, B. A., end Mulligan, L M. Character- 
tzatlon of RET preto-oncogene 3' splicing varianta and potyadenylation 
sites: a novel C-termmus for RET. Oncogene, 17: 2039-2045, 1995. 
67. Byme.J.A.,Tom*settD,C.,Rouy 

Basset, P. The tissue Inhibitor of metaUopmtdnasas-3 gene In breast 
carcinoma: Identification of multiple potyadenylatton sites and a stromal 
pattern of expression. Mot Med., 1: 418-427, 1995. 

58. Moscow, J. A., He, a. Gudas, J. M., and Cowan, K, H. Utilization of 
muftfpla poryadenytation signals In the human RHQA piDtooncogene. 
Gene (Amst.), 144: 228-236, 1894. 

59. Sentema-Lesenfants, Sm Alag, A. S., end Sobel, M. E Multiple mRNA 
species are generated by alternate potyadenytation from the human ca/m- 
oduSrrt gene. J. Ceil Biochem. 58: 445-454. 1995. 

60. Lazaris-Karatzas, A., Montine, K. S., and Sonenberg, N. Malignant 
transformation by a eukaryotic Initiation factor subunft that binds to mRNA 
5' cap. Nature (Lend.), 346V 544-647, 1990. 

61. DeBetieo^A..andRhoads,aEOverex^ 
teh sym^esb tnltletion fac^ 

morphology. Proa NatL Acad. Set USA, 67: 8212-8216, 1990. 

62. Polunovsky, V. A.. Rosenwald, t B., Tan, A. T„ White, J„ Chiang, L, 
Sonenberg, N., and Bltterman, P. B. Transtatlonal control of programmed 
cell death; eukaryotio translation Initiation factor 4E blocks apoptosis In 
growth-factor- restricted fibroblasts with physiologically expressed or de- 
regulated Myo. Mol, CeB. Bfo!., 16: 6573-6581, 1996. 

63. Mfyagi, Y„ Suglyama, A., AsaL A* OkazaW, T„ Kuchino, Y„ end Kerr, 
S, J. Beveled levels of eukaryotio translation initiation factor el WE mRNA En 
a broad spectrum of trarsfwmed cefl Unas. Cancer Lett, 97; 247-252, 1995. 



64. Kerekatte, V„ Smiley, IC, Hu. B„ Smith, A, Gelder, F, and Do 
Benodettj, A The pfoteM>rrt»c^e/trar«la^ factor elF4E\ a survey of Its 
expression m breast carcinomas. Int J. Cancer, 64: 27-^31 , 1 995. 

66. U,B.D.,Uu,L,Daw^M.,ejKlDeBenedetll.AOven3^^ 
euxaTyotlc Initiation fac^ 
73:2385-2390, 1997. 

66. SorreQa,CXU Black, D.R,Meschonal,C^Rhc^R,DeBenecfetti 1 A ta . 
Geo, M^ WaSama, a J H and U, B. D. Detection of eiRE gene amplm^atiori 
In breast cancer by competitive PCR Ann. Surg. OncoL, 6V 232-237, 1993, 

67. U. B. D., McDonald. J. C n Nassar, a, and De Benedetti, A. COniceU 
outcome In stage I to III breast carcinoma and elF4E overexpresslon. Ann. 
Surg, 227i 756-761; discussion, 761-763, 1998. 

68. Wang, a, Rosenwald, t a, HutzJer, M. J H Pihan, a A, Savas, U, 
Chen, J. J H and Woda, a A. Expression of the eukaryotio translation 
Wtiation factors 4E and 2a In non-HodgWn f 8 lymphomas. Am. J. PathoL. 
155:247-255,1999. 

69. Fukud^lrrrogori, T., JshS. L, KasWwagi, IC, Mashlba, K, Bdmoto. 
H., and Igamshl, K. MaHgnant transformation by overproduction of tranav- 
lation initiation factor elF4a Cancer Rea, 67: 5041-5044, 1997. 

70. Bberle, J., Krasagakte, IC, and Orfanos, C. E Translation Initiation 
factor eIF-4A1 mRNA te consistently overexpressed In human melanoma 
cells in vitro. Int J. Cancer, 71: 396-401, 1997. 

71. Shuda, M, Kondoh, M, Tanaka, K., Ryo, A, Wakatsuld, Hada, A», 
Gosekl It, Igari, T„ Hatsuse, IC, Alhara, T n Hortuchi, a, SWchHa. M., 
Yamamotov N., and Yamamoto, M. Enhanced expression of translation factor 
mRNAs In bepatocefiular carcinomaL Anticancer Re3, 20: 200O. 

72. Nupponen, a M, Porkka, K.. Kakkofa, U Tanner, M, Persson, 
Borg, A., Isola, X, end Vlsakorpi, T. Amplmcation and overexpresslon of 
p40 subunit of eukaryotio translation initiation factor 3 In breast and 
prostate cancer. Am. J. Pathot, 164: 1777-1763. 1999. 

73. Rothe, M, Ko, Y^ Albers. P, and Wemert, N. Eukaryotio mftlation 
factor 3 p110 mRNA Is overexpressed In testicular seminomas. Am. J. 
Pathol, 157: 1597-1604, 2000. 

74. Barlund, M. f Forozan. F M Kononen, J., Bubendorf, U, Chen. Y., Bttt- 
ner, M. U, Torhorst, J., Haas, P., Bucher, a. Sauter, Q., Kal&onleml, O. P., 
and Kamonlemi, A Detecting activation of rtbosomaJ protein S6 kinase by 
complementary DNA and tissue mlcroarray analysis. J. Natl Cancer Inst 
(Bethesda), 92: 1252-1259, 2000. 

75. Topaflan, S. UKaneko, S., Gonzales, M. t, Bond, G. L. Ward, Y. f and 
Manley. J. L Identmcation and functional characterization of neo-poly(A) 
polymerase, an RNA processing enzyme overexpressed In human tumors. 
Mot Cen. BioL. 21: 6614-6623, 2001. 

76. Scorilas,A.TalIen;M.,ArdavanIs,A. l C^^ 

TsJapans, a M n and Trangas, T. Pdyadenytate polymerase enzymatic ao- 
tivity tn mammary Ucnor cytosote; a new hdependerrt prognostic marker m 
pnmary breast cancer. Cancer Res., 60: 6427-6433, 2000. 

77. Janz,M..Hartx^N.,Dettrnar,P.,Berg* 

Schmltt, M., and Royer, H. D.Y-box factor YB-1 precBctsoVugreslstanoeand 
patient outcome In breast cancer Independent of cifalcalfy relevant tumor 
blotogtc factors HER2, uPA and PAH. Int J. Cancer, 97: 279-282, 2002. 

78. Shlbahara, K., Sugto, IC, Osaxl T„ UcWuml, T., Maehara, Y., Kohno, 
IC, Yasumoto, IC Suglmachi, IC, and Kuwano, M. Nuclear expression of 
the Y-box binding protein, YB-1 , as a novel manner of disease progression 
In non-small cell lung cancer. Cfln. Cancer Res.. 7J 3151-3155, 2001. 

79. Kamura, T., Yahata. a, Amada, Ogawa, 8.. Sonoda, T., Kobo- 
yashl, H., Mttsumoto, M., Kohno, IC, Kuwano, M.. and Nakano, a la 
nuclear expression of Y box-binding protem-1 a new prognostic factor in 
ovarian serous adenocarcinoma? Cancer (Phlla.), 85: 2450-2454, 1999. 

80. Bargou. a a, Jurchott, IC, Wegener, C, Bergmenn. S.. Metzner. S., 
Bommert, K., Mapera, M. Y„ WInzer, K. J,. Dietel, M., Dorken, B n and 
Royer, H. D. Nuclear localization and Increased levels of transcription 
factor YB-1 tn primary human breast cancers are associated with Intrinsic 
MDM gene expression. Nat Med., 3: 447-450, 1897. 

81. AoW, M„ Blazek, E, and Vogt P. K. A role of the kinase mTOR (n 
ceOutar transformation induced by the oncoproteins P3k and Akt Proa 
NatL Acad. 3d. USA. 99: 136-141, 2001. 

82. ChOd, S. J., MIOer. M. K, and Gebalto, K P. Cen typo-dependent and 
-Independent control of HER-2/neu translation. Int J. Biochem. Cell Biol, 
37:201-213,1889. 



Mctecuter Cancer Tnorapeutto #p 



as, Jefferies. H.a, Reinjurd, C. Koona, 8. C and Thomas, Q. Rapa- 
mycin selectively represses translation of the •polypyrtmVfine tract* 
mRNAfamDy. Pioc. Natl Acad. Set USA, 91: 4441-4445, 1894. 

8*. Terada, U, Patel, K a, Takase. K., Kohno, K., Nairn, A. a. and 
Getfand,EVV. Rapamycin eetectiwJy IrihJbhs translation of mRNAs en- 
coding elongation factors and rtboaoma) proteins. Pfoc NatL Acad. ScL 
USA. 81: 11477*11481, 1994. 

& Jefferles, H. B., FUmagalfi, 3., Dennis, P. B-, Relnhard, (X, Pearson, 
a B„ and Thomas, GL Rapamycin suppresses STOP mRNA translation 
through BiWbfiton of p70s6k. EM BO J., 16: 3693*3704, 1997. 

88. Beretta, L, Glngras, A. C, SvftWn, Y. V., HaB, M. N., and Sonenberg, 
N. Rapamycf n blocks the phosphorylation of 46-BP1 and Inttbte cap- 
dependent Inflation of translation. EMBO J., 16: 658-664, 1996. 

87. HkSaigo, M, and Rowfnsky, E K. The rapamycio-GonsitJve signal 
transduction pathway as a target for cancer therapy. Oncogene, 19: 
6680-6688, 2000. 

88. Hosol, Mng, M. Shikata, T., Uu, L r*, Shu, U Ashmun, R. 
Germain, a a, Abraham, R T., and Houghton, P. J. Rapamycin causes 
poortyieveraiHoinNbm^ 

tn human fhabdomyosarcoma cefe. Cancer Ftak, 69: 888-894, 1999. 

89. Huang, a, and Houghton, P. J. Resistance to rapamycin: a novel 
anticancer drug. Cancer Metastasis Rev., 20: 69-78, 2001. 

80. Geoefger, &., Kerr, K., Tang, C. B., Fung, K. M. f PoweB, B., Sutton, 
L N., Phillips, P. C, and Uanss, A. J. Antitumor activity of the rapamycin 
analog CCI-779 in human primitive neuroectodermal tumor/maduOoblas- 
toma models ae single agent and In combination chemotherapy. Cancer 
Res,, 87; 16S7-1S32. 2001. 

91. Gibbons, J. J- Discafanl, C., Peterson, R., Hernandez, FL, SkotnteW, 
J M and Frost, P. The effect of CCI-779, a novel macroBde antitumor 
agent on the growth of human tumor cells In vtov and in nude mouse 
xenografts In vivo, Proc. Am. Assoc Cancer Res., 40: 301, 1999. . 

92. Hidalgo, M„ Rowlnsky, E, Eriichman, C, Marshan, B., Maries, R„ 
Edwards, T., and Buckner, J. J. A Phase I and pharmacological study of 
CCI-779 cycle ttHWior. Ann, Oncol, 17 (SuppL 4): 133, 2001. 

93. Alexandre, J., Raymond, E, Depenbrock, H,, Mekhatdi, S„ Angevin, 
E, Pafflet. C, Hanauske, A., Fnsch, J. f Feussner, A-, and Armand, J. P. 
CCI-779, a new rapamycin analog, has antitumor activity at doses Induc- 
ing ortymMcutanaous effects and mucosas; eanY results of an ongoing 
Phase I study. Proceedings of the 1 999 AACR-NOEORTC International 
Conference, Clin. Cancer Res., 5 (Supp!.): 3730s, 1999. 

94. Chan, S., Johnston, a, Scheuien, M. E, Mrosa, IC, Morarrt, A., Lahr, 
K Feussner, A^ Berger, M„ and Wrech, T. Rret report a Phase 2 study 
of the safety and activity of CCI-779 for patients with locally advanced or 
melastaUo breast cancer falling prior chemotherapy. Proc Am. 8oc. CTln. 
Oncol.. 21: 44a 2002. 

85. AtWna, M. a, Hidalgo. M., Stealer, W., Logan, T., Dutcher, J. P., Hudes, 
&, Park, Y., Marehafl, B.,Boni, J M and Dukart, Q. A randomized double-blind 
Phase 2 study of Irttravenous CCI-779 administered weekly to patients with 
advanced renal oeO carcinoma Proc. Am. Soc. Cfla Oncol, 21: 10a, 2002. 

96. Smith, S, a, Trinh, C. M., Inge, L. J., Thomas, G., Ctoughsey, T. F M 
Sawyers, C. U and Mlschel, P. S. PTEhl expression status predicts 
glioblastoma ceU sensliMty to CCI-779. Proc Am. Assoc. Cancer Res., 
43: 335, 2002. 

97. Yu, K.. ToraJ-Barza, U, Discafanl, C, Zhang, W. O, SkotnlcW, J., 
Frost P.. and Gibbons, J. J. mTOR, a novel target In breast cancer the 
effect of Ca-779, an mTOR Inhibitor, in preclinical models of breast 
cancer. Endocr. Relat Cancer, a- 249-268, 2001. . 

98. OflCng, M. a, Germain, Q. a, Dudkin, L, Jayaramao, A L, Zhang, X, 
Harwood.F. C, and Houghton, P. J. 4E-btndfng proteins, the suppressors of 
eukaryotio hfttalton (actor 4E are dowrtreguiated In cetts with acquired or 
irrtnnsto resistance to rapamycin. J. Blot Chero, 277: 13907-13917, 2002. 

99. Cuba, M„ von Brettanbuch, P., Stelnbauer, M., Koehl. 0, Hegel S., 
Homung, M„ Brims, C. J., Zuelke, C„ Parkas, S„ Anthuber, M.» Jauch, 
K. W., and Gelssler. E K. Rapamycin Inhibits primary and metastatic 
tumor growth by antlangtogenesls: Involvement of vascular endothelial 
growth factor. Kat Med., & 128*135, 2002. 



100. Lane, a A^ Schafi, a, Theuer, A., CReQIy, T^ and Wood, J. Anti- 
angtogeruc activity of RAD001, an orairy active anticancer agent Proc, 
Am. Assoa Cancer Res., 43: 184, 2002. 

101. .Maeshlma,Y.,StKirjakajr,A^Uvely, J. C., Uekt Krtarbanda, 3., 
Kahn, a R, Sonenberg, Myites, R. O., ami Katturt, R Tujnstatin, an 
eruiotrreltoicen-Bpeclfic Inhibitor of protein synthesis. Science (Wash. DC). 
285.-140-143,2002. 

102. Caygm, C. P., Chartett, A., and Hin, M. J. Fat ffeh, fish oH and cancer. 
Br. 4. Cancer, 74: 159-164, 1996. 

l& Falce^.J.S„Ro3s.J.A^ 

M. end Carter, D. C. Effect of eicosapentaenolo acid and other fatty 
acids on the growth In vftro of human pancreatic cancer eel fines, Br. J. 
Cancer, 69: 826-832, 1994. 

104. Nogucht M., Minamt M., YagasaM, Ft, Wnoshha, K, EarashL M., 
Khagawa, H., Taruya, T., and Mlyazakt I. Chemoprevention of DMBA- 
tnduced mammary carcinogenesis In rate by low-dose EPA and DHA. 
Br, J. Cancer, 75L- 348-353, 1 997. 

105. Paiakurthi, a S. ? RucWger, Ft, Aktas, H n Changolkar, A. K., Shahr 
8afael, A., Hameft, S^ KUte, E, and HaJperln, J. A. Inhibition of translation 
Initiation mediates the anticancer effect of the n-3 pofyunsaturated fatty 
acid eiposapentaenoic acicL Cancer Res.. 60: 2919-2925, 2000. 

106. Aktas, K, FTucWger, R^ Acosta, J. A, Savage, J. M., Paiakurthi, S. S., 
and Haipeda J. A. Depletkxi of intra^ 

elF2at, and SLrstabed iriiaftkvi of transJation Initiation mediate the anticancer 
effects of dotrfmazote. Proo. Nati. Acad. Sd. USA, 95: 8280-8285, 1998. 

107. Mhashflkar, A. M., Schrock, R. D. ( Hindi M„ Uao. Sieger, IC, 
Kourouma, F„ Zou-Yang. X. H., Onlshl, E, Takh. 0.. Vedvick, T. S.. 
Fanger, Q M Stewart L, Watson, Q. J., Srtary, Fisher, P. a. Seek), T., 
Roth, X A., Ramesh, R., and Chada, S. Melanoma differentiation associ- 
ated gene-7 (mda-7): a novel antMumor gene for cancer gone therapy. 
Met Med., 7; 271-282. 2001 . 

108. So, Z. Z., MaoTreoWi, M. T^ Un, J. J., Young, C S^ Khada, S., Reed, 
J. C, Goldstein, N. L, and Fisher, P. B. The cancer growth suppressor 
gene mda-7 selectrvery induces apoptosis In human breast cancer cells . 
and Inhibits tumor growth In nude mice. Proc. Matt Acad. Set USA, 96: 
14400-14408, 1998. 

109. Saekl T., Mhashflkar; A^ Chada, S., Branch, C. Roth, J. A., and 
Ramesh, R. Tumor-suppressh/e effects by adenovVua-medlated mda-7 
gene transfer tn non-small ceil lung cancer cefl In vitro. Gene Then, 7: 
2051-5057,2000. ' 

110. Pataer, A^ Vorburger, S. A., Barber, a M, Chada, S., Mhashllkar; 
A. Zou-Yang, H.. Stewart, A. L, Balachandran, S., Roth, J. A., Hum, 
K. IC, and Swisher, a a Adenoviral transfer of the melanoma different 
atkm-assoclated gene 7 (mda7) Induces apoptoels of lung cancer ceils via 
up-reguiatian of the c^uble-etranded RNA-dependent protein kinase 
(PKR). Cancer Res., 62: 2239-2243, 2002. 

111. Ho, T., Wamkan, S. P., and May, W, S. Ftoteta syntheste inhibition by 
flavonolds: roles of eukaryotic Initiation factor 2a kinases. Blochem. Blo- 
phys. Res. Commuru, 255: 589-694, 1899. 

1 1 2. Ebene, J., Fecker, L F„ Bittner, J. U., Onanos, C E, and GeBen, a C. 
Decreased proliferation of human melanoma oeQ tines caused by antfsense 
RNA against translation factor e!F-4A1. Br. J. Cancer. 80:1957-1962, 2002. 

113. Poiunov8ky,V.A^Gino^A.CHSorienberg,N^ 

Rubins, J. a, ManJvet J. C„ and BttBrrnan, P. a Translationalcorrtrolofthe 
antiapoptotic function of Ras. J. Biol Chem, 275V 2477B-24780, 2000. 

114. D t Cijnha i ^Krel2k^M.G,Aher,f^ 

P. B., and Kratzka, a A. Over-expression of the tnansiaUonaJ repressor 
4E-BP1 Inhibits NSCLC tumorigOTlcfty in wvo. Proc. Am. Assoc. Cancer Pes, 
4a* 816-817, 2002. 

115. OeFatt*RJ.,Nathan,C.A.,endte 

elF4E suppresses oncogenlo properties of a head and neck squamous 
ceil carcinoma ceil Una Laryngoscope, 110: 928-933, 2000. 

116. Herbert T. P., Fahraeus, R., Presoott A^ Lane, D. P., and Proud, 
C. a Rapid induction of apoptosis mediated by peptides that bind Initi- 
ation factor eiF4ECurr. Biol, 10: 793-798, 2000. 

117. DeFatta, R. J., U, Y., and De Benedettt A. Selective kllfing of cancer 
cells based on transiatiorval control of a auWde gene. Cancer GeneTher., 
9: 673-678, 2002. 



Exhibit 9 



IN THE UNITED STATES PATENT AND TRADEMARK OFMCE 



Applicant 
App. No. 
Filed 
For 



: Ashkenazietal. 
: 09/903,925 

i 

:■ July 11, 2001 ' " . 

: SECRETED AND 
TRANSMEMBRANE 
POLYPEPTIDES AND NUCLEIC 
ACIDS^ENCODING THE SAME 



Examiner : Haraud, Fozia M 



Group Art ynit 1647 

CBRTIFICAllfbF EXPRESS MAILING 

I hereby certify thait this cwrespondence is 
being deposited with the United States 
Postal Service with sufficient postage as 
first class mail in an envelope addressed to 
Commissioner of Patents, Washington' . 
D.C. 20231 on: 



■ (Date) 



Commissioner of Patents 
P.O.Box 1450 

Alexandria, VA 22313-1450 . 

DECLARATION OF AVT A^Mm Ph.D ITNTVfirP y ^ 

1. Avi Ashkenazi, Ph.D. declareand say as follows: - 

i: I am Director and Staff Scientist at the Molecular Oncology Department of 
Genentech, Inc., South San Francisco, CA 94080. 

2. I joined Gehenteeh in 1 988 as rposftocforal fellow. Since then, I have 
mvestigated a variety of cellular signal transduction mechanisms, including apoptosis, and have 
developed technologies to modulate sUch mechanisms as a-means of therapeutic intervention in 
cancerand autoimmune disease. lam currently involved* the investigation of a series of ■ 
secreted proteins over-expressed in tumors, with the aim to identify useful targets for the 
development of therapeutic antibodies for cancer treatment 

3. My scientific C^culum Vitoe, mcluding my list of pub lications, is attached to 
and forms part of this Declaration (Exhibit A). 

4. Gene amplification is a process in which chromosomes undergo changes t6 
contam multiple copies of certain genes that normally exist as a single copy, and is an important 
factor » the pathophysiology of cancer. Amplification of certain genes (e.g., Myc or Her2/Neu) 



gives cancer cells a growth or survival advantage relative to normal cells, and might also provide 
a mechanism of tumor cell resistance to chemotherapy or radiotherapy. 

5. If gene amplification results in over-expression ofthemRNA and the 
corresponding gene product, then it identifies that gene product as apromising target for cancer 
therapy, for example by the therapeutic antibody approach. Even in the absence of over- 
expression of the gene product, amplification of a cancer marker gene - as detected,, for example, 
hy the reverse transcriptase TaqMan® PCR or the fluorescence in situ hybridization (FISH) 
assays -is useful in the diagnosis or classification of cancer, or in predicting or monitoring the, 
efficacy of cancer therapy. An increase in gene copy number can result not only from 
intrachromosomal changes but also from chromosomal aheuploidy. It is important to understand 
that detection of gene amplification can be used for cancer diagnosis even if the determination 
includes measurement of chromosomal aneuplOidy. Indeed, as long as a significant difference 
relative to normal tissue is. detected, it is irrelevant if the signal originates rxpni an increase in the 
number of gene copies per chromosome and/or an .abnormal numberof chromosomes. 

6. I understand that according to the Patent Office, absent data demonstrating that 
the increased copy number of a gene in certain types of cancer leads to increased expression of 
its product, gene amplification data are insufficient to provide substantial utility or well 
established utility for the gene product (the encoded polypeptide), or an antibody specifically 
binding the encoded polypeptide. However, even when ampUfication of a cancer marker gene 
does not result in significant over-expression of the corresponding gene product, this very 
absence of gene product over-expression still provides significant informatibn-for cancer •* 
diagnosis and treatment. Thus, if over-expression of the gene product does not parallel gene 
amplification in certain tumor types but does so in others, then parallel monitpring of gene 
amplification and gene product over-expression enables more accurate tumor classification and 
hence.better determination of suitable therapy. In addition, absence of over-expression. is crucial 
information for the practicing clinician. If a gene is amplified but the corresponding gene 
product is not over-expressed, the clinician accordingly will decide not to treat a patient with 
agents that target that gene product. 

7. I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information or belief are believed to be true, and further that 
these statements were made with the knowledge that willful false statements and the like so 



made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful statements may jeopardize the validity of the 
application or any patent issued thereon. ' ' 

• ' . ' ' ' i ; •• . . 

'An'fiM-^ZAn Date; zUzioS . 

Avi Ashkenazi, Ph.D. f { ~ 



SV 455281 vl v 

9/12/03 3:06 PM (39780.7000) 



• 1» ■ 



Personal: 

Date of birth: 

Address: 

Phone: 

Fax: 

Email: 

Education: 

.1983:.. 
1986: 

Employment: 

1983-1986: 
1985-1986: 
1986 - 1988: 

1988- 1989: 

1989 - 1993: 
1994 -1996: 

1996- 1997: 

1997- 1990: 
1999 -2002: 
2002-present: 

Awards: 
1988: 



C^MCIILUM VITAE 
Avi Ashkenazi 
July 2003 



29 November, 1956 

1456 Tarrytown Street, San Mateo, CA 94402 
(650) 578-9199 (home); (650) 225-1853 (office) 
(650) 225-6443 (office) 
aa@gene.com 



B.S. in Biochemistry, with honors, Hebrew University, Israel 
Ph.D. in Biochemistry, Hebrew University, Israel 



Teaching assistant, undergraduate level course in Biochemistry 
Teaching assistant, graduate level course on Signal Transduction 
Postdoctoral fellow, Hormone Research Dept., UCSF, and • 
Developmental Biology Dept., Genentech, Inc., with J. Ramachandran 
Postdoctoral fellow, Molecular Biology Dept., Genentech, Inc., 
with D. Capon 

Scientist, Molecular Biology Dept., Genentech, Inc. 
Senior Scientist, Molecular OncologyDept;;. Genentech, Inc. 
Senior Scientist and Interim director, Molecular Oncology Dept., 
Genentech, Inc. 

Senior Scientist and preclinical project team leader, Genentech, Inc. 

Staff Scientist in Molecular Oncology, Genentech, Inc. 

Staff Scientist and Director in Molecular Oncology, Genentech, Inc. 



First prize, The Boehringer mgelheim Award 



1 



Editorial: 

Editorial Board Member: Current Biology 
Associate. Editor, Clinical Cancer Research. 
Associate Editor, Cancer. Biology and Therapy. 

Refereed papers: 

1. Gertler. A.. Ashkenazi. A., and MaH^ 7 Rit^mg ^ f or human growth 
hormone and ovine and bovine prolactins in the mammary gland and liver of the 
lactatirig cow. Mol. Cell Endocrinol. 34, 51-57 (1984). 

2. Gertler, A, Shamay, A., Cohen, N.. Ashkenazi. A.. Friesen, w , t evanon, A." 
.Gorecki, M., Aviv, H., Hadari, D., and Vogel, T. Inhibition of lactogenic 
activities of ovine prolactin and human growth hormone (hGH) by a novel form of 
a modified recombinant hGH. Endocrinology 118, 720-726 (1986). 

3. Ashkenazi, A., Madar, Z., and Gertler, A. Partial purification and characterization 
of bovine mammary gland prolactin.receptor. Mol Cell. Endocrinol 50, 79-87 
(1987). . 

4. Ashkenazi, A : , Pines, M., and Gertler, A, Down-regulation of lactogenic 
hormone receptors in *Jb2 lymphoma cells by cholera toxin. Biochemistry 
Internatl 14, 1065-1072(1987). 

5. Ashkenazi, A., Cohen; R., and Gertler, A. Characterization of lactogen receptors 
in lactogenic hormone-dependent and independent Nb2 lymphoma cell lines. 
FEBS Lett. 210, 51-55 (1987). 

6. Ashkenazi, A., Vogel, T., Barash, L, Hadari, D., Leyanon, A, Gorecki, M., and 
Gertler, A. Comparative study on-in -vitro and in^dvomodulation of lactogenic 
and somatotropic receptors by native human growth hormone and its modified 
recombinant analog. Endocrinology 121, 414-419 (1987). 

7. Peralta, E„ Wjnslow, J., Peterson, G;, Smith, P.. Ashkenazi. A.. KamarWdra* 
J ... Schimerlik, M., and Capon, D. Primary structure and biochemical properties 
of an.M2 muscarinic receptor. Science 236, 600-605 1(1987). 

8. Peralta, E. Ashkenazi, A., Winslbw, J , Smith, D., Ramachandran, J., and Capon, 
D. J. Distinont primary structures, ligand-binding properties and tissue-specific 
expression of four human muscarinic acetylcholine receptors. EMBO J. 6, 3923- 
3929(1987). 

9. Ashkenazi, A-., Winslow, J., Peralta, E., Peterson, G., Schimerlik, M., Capon, D., 
and Ramachandran, J. An M2 muscarinic receptor subtype coupled to both 
adenylyl cyclase and phosphoinositide turnover. Science 238, 672-675 (1987). 



/ 



2 



13. 



14. 



15. 



17. 



19. 



10. Pines, M., Ashkenazi, A., Cohen-Cbapaflc, N„ Binder, L., and Gertler, A. 
IriJibitionofflieproKferation of Nb2 lymphoma ceils "byfemtomolar 

... concentrations of cholera toxin and partial reversal of roe effect by 12-o-. 
tetradecanoyl-phorbol-13-acetate. J. Cell Biocheni. 37, 1 19-129 (1988). 

11. Peralta, E. Ashkenazi, A., Winslow, J. Ramachandran, J., and Capon, P.. 

, Differential regulation of PI hydrolysis and adenylyl cyclase by muscarinic 
receptor subtypes. Nature 334, 434-437 (1988). 

12. Ashkenazi., A. Peralta, E., Winslow, J., Ramachandran, J., and Capon, D. 
Functionally distinct G proteins couple different receptors to PI hydrolysis in the . 
same cell. Cell 56, 487-493 (1989). 

Ashkenazi, A ., Ramachandran, J:, and Capon, D. Acetylcholine analogue 
stimulates DNA synthesis in brain-derived cells via specific muscarinic 
acetylcholine receptor subtypes. Nature 340, 146-150(1989). 
Lammare, D., Ashkenazi, A., Fleury, S., Smith, D.,|Sekaly, R., and Capon, D, 
TheMHC-binding and.gpl20-binding domains of CD4 are distinct and separable 
Science 245, 743-745 (1989). 

Ashkenazi:, A., Presta* L., Marsters, S.,.Camerato, T., Rosenthal, K.; Fendly, B., 
and Capon, D. Mapping the CD4 bmding site for human immunodefficiency ' 
virus type 1 by alanme^scamiing mutagenesis. Proc. Natl Acad. Sci USA 87 
7150-7154(1990). ' 

Chamow, S., Peers, D., Byrn, R., Mulkerrin, M., Harris, R., Wang, W., Bjorkman, 
P., Capon, D„ and Ashkenazi, A. Enzymatic cleavage of a CD4 immunoadhesin ' 
generates crystallizable, biologically active Fd-likefragments. Biochemistry 29 
9885-9891(1990). ' _ ^ _ " . 

Ashkenazi, A., Smith, D., Marsters, S., Riddle, L., Gregory, T., Ho, D., and . 
Capon, p. Resistance of primary isolates of human immunodefficiency virus type 
1 to soluble CD4 is independent of CD4-rgpl20 binding affinity. Proc. Natl 
Acad. Set USA. 88, 7056-7060 (1991). 

Ashkenazi, A., Marsters, S., Capon, D., Chamow, S., Figari., I., Pennica, D., 
Goeddel., D.,.Palladino, M., and Smith, D. Protection against endotoxic shock by 
a tumor necrosis factor receptor immunoadhesin. Proc. Natl Acad. Sci USA 88 
10535-10539(1991). ' 
Moore, J.,McKeating, J., Huang, Y., Ash^enazLd,, and Ho, D; Virions of 
primary HTV-1 isolates resistant to sCD4 neutralization differ in sCD4 affinity and 
glycoprotein gpl20 retention ftora sCD4-sensitive isolates. J. Virol 66 235-243 
(1992). " • ■ ' 



16. 



18. 



3 



Jin, H., Oksenberg, P.. Ashkenazi. A.. Peroutka, S., Duncan, A., Rozmahei., R., 
Yang, Y., Mengod, G., Palacios, J., and O/Powd, B. Characterization of the 
human 5-hydroxytryptamineiB receptor. J. Biol. Chenu 267, 5735-5738 (1992). 
Marsters, A, Frutkin, A., Simpson, N., Fendly, B. and AshkenaziVA. . 
Identification of cysteine-rich domains of the type 1 tumor necrosis receptor 
involved in ligand binding. J. Biol Chenu 267, 5747-5750 (1992). 
Chamow, S, Kogan, T., Peers, P., Hastings, R., Byrn, R., and AshketiazLA, 
Conjugation of sCP4 without loss of biological activity, via a novel carbohydrate- 
directed cross-linking reagent J. Biol Chenu 267, 15916-15922 (1992). 
Oksenberg, D., Marsters, A., ODowd, B., Jin, H., Haylik, S., Peroutka, S., and 
Ashkenazi, A. A single amino-acid difference confers major pharmacologic 
variation between human and rodent 5-HJib receptors. Nature 360, 161-163 . 

(1992) . 

Haak-Frendscho, M., Marsters, S., Chamow, S., Peers, P., Simpson, R, and . 
Ashkenazi, A. Inhibinon of interferon y by an interferoh y receptor 
hnmunoadhosin. Immunology .79, 594-599 (1993). 

Penica, P., Lam, V., Weber, R., Kohr, W., Basa, L., Spellman, M., Ashken^i. 
Shire, S., and Goeddel, P. Biochemical characterization of the extraceUular 
domain of the 75 -kd tumor necrosis factor receptor. Biochemistry 32, 3131-313 8 

(1993) . 

Barfod, £., Zheng, Y, Kuang, W., Hart, M., Evans, T., Cerione, R., and 
Ashkenazi, A. Cloning and expression of a human CPC42 GTPase Activating 
Protein reveals a functional SH3-binding domain. J. Biol; Chenu 268 26059- 
26062(1993)? • .;. ... 

Chamow, S., Zhang, P., Tan, X., Mhtre, S., Marsters, S., Peers, P., Byrn, R., 
Ashkenazi, A., and Yunghans, R. A humanized bispecific immunoadhesm- ' 
antibody that retargets CP3+ effectors to kill HIV-l-infected cells. J. Immunol 
153,4268-4280(1994). 

Means, R., Krantz, S., Luna, J., Marsters, S., and Ashkenazi. A. Tnhihirihn 0 f 
murine erythroid colony formation in vitro by iterferon y and.correction by 
interferon yTeceptor immunoadhesin. Blood 83-, 91 1-915 (1994). 
Haak-Frendscho, M ; , Marsters, S., Mordenti, J., Gillet, N., Chen, S., 
an dAshkenazi, A, Inhibition of TNF by a TNF receptor immunoadhesin: 
comparison with an anti-TNF mAb. /. Immunol 152, 1347-1353 (1994). 



4 



Chamow, S., Kogan, T,, Venuti, M., Gadek, T., Peers, p., Mordenti, L, Shake s., ' 
andAsMcehazi t A. Modification of OD4 immunoadhesin with monomethoxy- 
PEG aldehyde via reductive aildlation. Bioconj. Chem, 5, .133-l4o (1994); 
Jin, H., Yang, FL, Marsters, S., Bunting, S., Wurm, F., Chamow, S., and 
Ashkenazi, A. Protection against rat endotoxic shock by p55 tuihor necrosis factor 
(TNF) receptor immunoadhesin: comparison to anti-TNF monoclonal antibody, J. 
Infect Diseases 170, 1323-1326 (1994). 

Beck, J., Marsters, S., Harris, R, Ashkenazi. A., and Chamow, S. Generation of 
soluble interleukin-1 receptor from an immunoadhesin by specific cleavage. Mol. 
Immunol. 31, 1335-1344 (1994). 

Pitti, B., Marsters, M., Haak-Frendscho, M., Osaka, G., Mordenti, J., Chamow* S., 
and Ashkenazi, A. Molecular and biological properties of an interleukin4 
receptor immunoadhesin. Mol Immunol 31, 1345-1351 (1994). 
Oksenberg, D., Havlik, S., Peroutka, S., and AshkeAazi. A. The third intracellular 
loop of the 5-HT2 receptor specifies effector coupling. J. Neurochenu 64, 1440- 
1447.(1995). ... 

Bach, E., Szabo, S., Dighe, A., Ashkenazi. A.. Aguet, M., Murphy, K., and 
Schreiber, R, Ligand-induced autoregulation of IFN-y receptor p chain expression 
in T helper cell subsets. Science 270, 1215-1218 (1995). 
Jin, H., Yang,.R., Marsters, S., Ashkenazi. A.. Bunting, S., Marra, M., Scott, R, 
and Baker, J. Protection against endotoxic shock by bactericidal/permeability- 
increasing protein in rats. J. Clin. Invest 95, 1947-1952 (1995). 
Marsters, S., Penica, D.,.Bach, E., Schreiber, R, and Ashkenazi. A. Interferon y 
signals via a high-affinity multisubunit receptor complex that contains two types 
of polypeptide chain, Proc. Natl Acad. Set USA. 92, 5401-5405 (1995). 
Van Zee, K, Moldawer, L, Oldenburg, H., Thompson, W., Stackpole, S., 
Montegut, W., Rogy, M., Meschter, C;, GaUati, H., Schiller, C.,Richter, W., 
Loetcher, H., Ashkenazi, A., Chamow, S., Wurm, F., Calvano, S., Lowry, S„ and 
Lesslauer.W. Protection against lethal E. coli bacteremia in baboons by 
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1. Ashkenazi, A., Peralta, E., Winslow, J., Ramachandran, J., and Capon, D., J. 
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2. Ashkenazi, A., Peralta, E., Winslow, J., Ramachandran, J., and Capon, D. 
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217-225 (1993). . 
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7. Ashkenazi^ Cytokine neutralization as a potential therapeutic approach for 
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Antibody Fusion Proteins (Chainow, S., and Ashkenazi. A. .. eds,, John Wiley and 
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1 . Resistance of primary HTV isolates to CD4 is independent of CD4-gp 120 binding 
affinity. UCSD Symposium, HTV Disease: Pathogenesis and Therapy. 
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2 . Use of immuno-hybrids to extend the half-fife of receptors. IBC conference on 
Biopharmaceutical Halflife Extension. New Orleans, LA, June 1992. 

3. Results with TNF receptor Irmnunoad^esins for the Treatment of Sepsis. IBC 
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Antibody Engineering. San Diego, CA, December 1 993: 

5. Tumor necrosis factor receptor: a potential therapeutic for human septic shock. 
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6. Protective efficiacy of TNF receptor immunoadhesin vs anti-TNF monoclonal 
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7. Literferon-Y signals via a multisubunit receptor complex that contains two types of 
polypeptide chain. American Association of hnmunologists Conference. San 
Franciso, CA, July 1995. 

8. Immunoadhesins: Principles, and Applications. Gordon Research Conference on 
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Apo-2 Ligand, a new member of the TNF family that induces apoptosis m tumor 
cells.. Cambridge Symposium on TNF and Related Cytokines in Treatment of 
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Induction of apoptosis by Apo2 Ligand. American Society for Biochemistry and 
Molecular Biology, Symposium on Growth Factors and Cytokine Receptors. New 
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Regulation of apoptosis by members of the TNF ligand and receptor families. 
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Apo-3: anovel receptor that regulates cell death and inflammation; 4th 
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New members of the TNF ligand and receptor families that regulate apoptosis, 
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Control of Apo2L signaling. Cold Spring Harbor Laboratory Symposium on 
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Conference on Apoptosis. San Diego, CA, October 1997. 
Control of Apo2L signaling by death and decoy receptors. American Association 
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Apo2 ligand and its^eceptors. American Society of Immunologists;.. San 
Francisco, CA, April 1998; 

Death receptors and ligands. 7th International TNF Congress. Cape Cod, MA 
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Apo2L as a potential therapeutic for cancer. UCLA School of Medicine LA, 
CA, June 1998. 

Apo2L as a potential therapeutic for cancer. Gordon Research Conference on 
Cancer Chemotherapy. New London, NH, July 1998. 

Control of apoptosis by Apo2L. Endocrine Society Conference, Stevenson, WA, 
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Control of apoptosis by Apo2L. International Cytokine Society Conference, 
Jerusalem, Israel, October 1998. 
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26. Apoptosis control by death and decoy receptors. American Society for ! 
Biochemistry and Molecular Biology Conference, San Francisco, CA, May 1 999; 

27. Apoptosis control by death and decoy receptors. Gordon Research Conference on 
Apoptosis, New London, NH, June 1999. 

28. Apoptosis control by death and decoy receptors. Arthritis Foundation Research 
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29. Safety and anti-tumor activity of recombinant soluble Apo2L/TRAIL. Cold 
Spring Harbor Laboratory Symposium on Programmed Cell Death. . Cold Spring 
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30. The Apo2I/TRAIL system: therapeutic potential. American Association for 
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31. Apoptosis and cancer therapy. Stanford University jSchool of Medicine, Stanford, 
CA Mar 2000. 

32. Apoptosis and cancer therapy.. University of Pennsylvania School of Medicine, 
Philadelphia, PA, Apr 2000. 

33: Apoptosis signaling by Apo2L/TRAJL. International Congress on TNF. 
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34. The Apo2L/TRAJL system: therapeutic potential. Cap-CURE summit meeting. 
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35. The Apo2L/TRAJX system: therapeutic potential. MD Anderson Cancer Center. 
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36. 1 Apc^tosissignalmgby»Apo2LmiA[L. The Protein Society, 14 th Symposium. 

San Diego, CA August 2000. 

37. Anti-tumor activity of Apo2L/TRAIL. AAPS annual meeting. Indianapolis, IN 
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38. Apoptosis signaling and anti-cancer potential of Apo2L/TRAIL. Cancer Research 
Institute, UC San Francisco, CA, September 2000. 

39. Apoptosis signaling by Apo2L/TRAIL. Kenote address, TNF family 
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40. Death receptors: signaling and modulation. Keystone symposium on the 
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41. Preclinical studies of Apo2I/TRAJL in cancer. Symposium on Targeted therapies 
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42. Apoptosis signaling by Apo2L/TRAIL. Wiezmann Institute of Science, Rehovot, 
Israel, March 2001. . 

43. Apo2I/TRAIL: Apoptosis signaling and potential for cancer therapy. Weizmann 
Institute of Science, Rehovot, Israel, March 2001. .. 

44.. Targeting death receptors in cancer with Apo2L/TRAIL. Cell Death and Disease 
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45. targeting death receptors jn cancer with Apo2L/TRAIL. Biotechnology 
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46. Apo2L/TRAIL signaling and apoptosis resistance mechanisms. Gordon Research 
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47. Apo2L/TRAIL signaling and apoptosis resistance mechanisms. Cleveland Clinic 
Foundation, Cleveland, OH, Oct 2001. ' 

48. Apoptosis signaling by death receptors: overview. International Society for 
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49. Apoptosis signaling by death receptors. American Society of Nephrology 
Conference. San Francisco, CA Oct 2001. 

50. Targeting death receptors in cancer, Apoptosis: commercial opportunities. San 
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5 1 . Apo2L/TRAIL signaling and apoptosis resistance mechanisms. Kimmel Cancer 
Research Center, Johns Hopkins University, Baltimore MD. May 2002. 

52. Apoptosis control by Apo2I/ERAIL. (Keynote Address) University of Alabama 
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53. Apoptosis signaling by Apo2I/TRAIL. (Session ^ co-chair) TNF international 

— conference. San Diego, CA* October 2002. J * a' ';• x...^ 

54. Apoptosis signaling by Ap62L/TRAIL. Swiss Institute for Cancer Research 
(ISREC). Lausanne, Swizerland. Jan 2003. . 

55. Apoptosis induction with Apo2L/TRAIL. Conference on New Targets and 

Innovative Strategies m Cancer Treatment. Monte Carlo. February 2003. 

56. Apoptosis signaling by Apo2L/TRAIL. Hermelin Brain Tumor Center 

Symposium on Apoptosis. Detroit, MI. April 2003. 

57. Targeting apoptosis through death receptors. Sixth Annual Conference on. 
Targeted Therapies in the Treatment of Breast Cancer. Kona, Hawaii. July 2003. 

58. Targeting apoptosis through death receptors. Second International Conference on 
Targeted Cancer Therapy. Washington, DC. Aug 2003. 
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